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PREFACE. 



The following treatise is an attempt to bring 
together the more important facts relating to the 
general properties of minerals in as concise a form 
as possible. 

Numerous works and articles have been consulted. 
It would not be desirable to give a list of all of 
them, but those to which the writer has been most 
indebted are Rammelsberg's " Mineralcheraie," De 
la Fosse's " Min^ralogie/' Bischof 's " Chemical and 
Physical Geology," and Des Cloizeaux's " Min^ralo- 
gie." 

The prominent features of the treatise are the 
arrangement of the minerals, which is nearly the 
same as that adopted for the mineralogical collection 
in the British Museum by Professor MaskelyiAft \ ^^ 
employment of the new atomic weig\ita \ ^i\i^ T^e,^%- 
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nitlon of the principles of isomorpliism and atodi- 
city in the construction of most of the formulae ; and 
the reduction of the specific gravities to a single 
scale of which hydrogen is the unit. 

In the present edition the work remains sub- 
stantially the same as before, but numerous additions 
and alterations have been made whereby the volume 
has been increased about thirty pages. 

A. Bamsat. 

August t 1885. 
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MINERALOGY. 



CHAPTER I. 

INTRODUCTORY. 

MiKEBALOQY* 18 the science which embodies the laws and 
iacts relating to a certain gronp of objects, called minerah; 
but what a mineral is does not admit of an easy and strict 
definition. Dana defines it as " any substance in nature, 
not organised by vitality, which has a homogeneous 
structure ; " and De la Fosse as a naturally formed inor- 
ganic body constituting part of the earth. Neither of 
these are satisfactory, for the first includes all the artificial 
products, such as alcohol, glycerin, and sugar, formed in the 
laboratory of the chemist, the study of which is certainly 
never considered to be the special province of the minera- 
logiet. It also assumes that all the hard parts of plants 
and animals are moulded and shaped by a vital force, 
and consequently determines that the arragonite of shells, 
and the raphidei or crystals of oxalate of lime in plants, 
are not minerals. The second definition appears to 
exclude meteorites and the minerals found in them. There 
IB, indeed, no natural group of substances which can be 
satisfactorily included in any definition of mineral, but 

♦ Mr. Tomlinsoii, in his *' Introduction to the Study of Natural 
Philosophy," in this series, thus defines the terms Oeology and 
Mineraiogy ; the first as having for its object the observation and 
description of the structure of the external crust of the glob^, ^lA 
the second as confining itself to the account of the Bei^axoA^ SXj^tsa 
of which that crust is coroposed. 
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2 PROPERTIES 01' GAS2i. ^H 

tho following appears to be the best that can be formed at 
present. By a mineral ia meant any cbemicajjy homo- 
geneous substance which neither forms, nor retains any 
traces of having formed, part of an organised being, and 
which has not been prodaced by the application of physieii! 
forces by man. Ho long then as elements and their com- 
pounds answer to this description thoy are the objects 
which the mineralogist studies ; when they occur in plants 
and animals the physiologist, bolanist, and zoologist 
investigates their properties; ami when they are labora- 
tory products they belong to tho science of chemistry, 
Ths diatinolion is, therefore, simply a conventional one, and 
is baaed not on any esaential difference in the substances 
themselves, but on the different circumstances by which 
they are surrounded. When two or more minerals occur 
together and form large mosses, they constitute roclug, the 
description and study of which is the especial object of the 
science of Uthology. 

The properties of minerals are numerous. Some, each 
OS tho form, bulk, hardness, colour, i&c., are readily per- 
ceived ; while others, such ss chemical nature, crystalline 
strQCture, behaviour towards light and heat, nro not so 
apparent, and can only bo determined by means of a 
systematic investigation. The value of these properties 
in affording distinguishing characters differs greatly, but 
the moat important are chemical composition, crystalline 
form, and density. 

From the foregoing remarks it will be seen that tho 
study of minerals iuvolves a more or less extensive know- 
ledge of chemistry, optics, and other physical sciences. 
Our space forbids that any attempt be made to give even 
A rudimentary oulline of all these sciences, and indeed 
such a course ia quite unnecessary, since several treatises 
in this series are devoted to tiiese subjects. But it may 
not bo out of place to give a rapid outline of a few of the 
more important principles which illustrate the nature of 
minerals. 

All matter has weight; tho same quantity of matter 
always has the same weight, nud the same substance 



PROPBRTIES OF 0A81B. 8 

alvvays has the same volnme and weight under the same 
circnmstances. The density is in inverse proportion to 
the volnme ; and the latter is augmented by a relative 
increase in the repnlsive forces acting npon the particles 
of the substance, and diminished by an increase in the 
molecular attractive forces or of the external pressure. 
In short, density is an indication of the amount of 
force to which a body has been, or is being, subjected. 
These axioms, as they might be called, appear to be 
a few of the fundamental principles of chemistry, 
but, nevertheless, they do not seem to have had the 
importance attached to them which they denerve. For 
example, the weight of 11*19 litres (19*69 pints) of 
hydrogen at the temperature of 32^ F., and under the 
ordinary atmospheric pressure which corresponds to 30 
inches of mercury, is 1 gramme (15*44 grains). So long 
as the force of gravitation remains the same the weight 
of this quantity of hydrogen will never alter, even if it 
should be made to occupy a space a thousand times 
smaller, or a thousand times larger. And it must be 
carefully remembered that all the figures and results in 
the following pages which relate to weight are only true 
so long as the force of gravitation remains at its present 
intensity. There is even a difference according to the 
latitude, but it may he disregarded, since the error which 
it involves is exceedingly small. Hydrogen is well known 
as the lightest of all substances, and as the nearest 
approximation yet detected to what the physicist calls a 
perfect gas, that is, an aeriform body which expands at a 
uniform rate for equal additions of heat. In defining 
what will be repeatedly referred to as the unit of hydro- 
gen, special degrees of temperature and pressure were 
mentioned, because if these be altered the volume will be 
changed. Suppose then the temperature be raised while 
the pressure remains the same. The gas will not only 
become warmer, but will acquire greater volume. Thus, 
if the unit of hydrogen be heated from 32° to 212«» F.^ 
the 11*19 litres (19*69 pints) will expand to \5-*2a\\\x^^ 
(26-89 pints), hut the weight will still be 1 gxaovm^. ^^\ift 
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heat obsorbcd by the hydrogen has produced two efiucta 
which should be carefully distiuguieiied. First, it has 
expanded the gas, and, next, it haa raised the temperature ; 
which two points will be considered separately. A volume 
of ld'69 pints is equal to 682 cubic inches, and that of 
26-89 piute correaponds to 1*32 cubic inches. If, then, the 
hydrogea were placed in a tube with a bore 1 sq. in. 
in area, and this tnbe were connected with a second simi- 
lar to the firat, but containing a vertical column of 30 
inches of mercury surmounted by a long Torricellian 
vacuum, it would occupy a space of 682 inches at 32' F. 
By the time it had attained 212° F. it would occupy a 
space of 932 inches : and consequently will have raised 
the 30 inches of mercury through a height of 250 inches 
or 20'8 feet. Thia ia equivalent to the raising of 14-68 
lbs. (the weight of the mercury) to a height of 20-8 feet, 
or b05-3i lbs. to the height of 1 foot ; or, as it ia caiially 
expressed, 305'34 foot-pounds.* 

This represents only a portion of the heat taken up by 
the hydrogen, the remainder having been spent in raiaing 
the temperature, In order to ascertain what proportion 
is required for tliis purpose, the expansion of the hydrogen 
must be prevented so as to keep the volume constant. 
This might be done by placing weights on the gas. Under 
these c d'f 1 h at would be required to raise the 
temperat t 1 hen the volume ia constant than 

when tl J onstant, in the proportion of 1 to 

■414. M li n tl g allowed to expand, a quantity of 
heat is t k p lb may be represented by 1-414 ; 
and wh p n prevented the quantity is 1. The 

espansi f tl 1 arly corresponds to the quantity 
,0 compnra the work done 

of mBrciiry, it will be convenient to eonsidfir tie work-unit for 
njdrogeu to bo llie quantity perfonnad by 1 grammo whon htatf d 
from 0" C. to 1= C. (32° ¥. lo 33"8 F.), viz., 3-05 ft.-lba., and the 
heat-unit will be the qnantity of heat absorbed by the graminc of 
liydrogen when heated from 0" to 1° C. Tho heat then required 
to raiso t gmmme or nnit weight of hydrogen from 32" to 812° 
imder conWant pressuro woulil bo 100, and when Iha volul 
eeautaatit would be 7U-7. 
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of heat represented by *414 ; bnt it has already been 
found that this force is eqnal to 805*34 foot-ponnds, and 
consequently it is also represented by *414 of heat. From 
these data it is easy to find the amount of force corre* 
sponding to the different quantities of heat Thus, '414 
= 305-34 foot-pounds ; 1 =: 737*5 foot-pounds ; and 1*414 
= 1042*84 foot-pounds. When then 1 gramme of hydro- 
gen expands from 11*19 litres at 32^ to 15*28 litres at 
212°, it absorbs a certain quantity of heat ; of this quan- 
tity 70*7 per cent, is used for heatings and 29*3 per cent 
for expanding. 

In the above cases the temperature has been the in* 
constant element ; and there remains to be considered the 
effects produced by varying the pressure, and keeping the 
temperature constant. When the pressure is increased, 
the density is increased in proportion ; and it may be 
considered as a rule generally applicable to hydrogen, 
oxygen, and all perfect gases, that their density is in- 
versely as the pressure. Thus, if we call the unit volume 
of hydrogen 1, a pressure of two atmospheres or 60 
inches of mercury will reduce its volume to ^, and in- 
crease its density to 2 ; with three atmospheres the 
volume will be ^, and the density 3, and so on. The 
effect of the increased pressure is to force more matter 
into a given volume, say 11*19 litres, and consequently to 
increase the weight of such volume ; in short, the greater 
the density, the greater is the quantity of matter in the 
same space. So that when hydrogen is subjected to a 
pressure of six atmospheres, or 87 lbs. on the square inch, 
11*19 litres contain 6 grammes, or six times as much as 
the 11*19 litres under a pressure of 1 atmosphere. On 
the other hand, the density is reduced to -^ when half the 
pressure is removed, and to other degrees according to 
the reduction of the pressure. The pressure which would be 
required to cause the unit volume of 11*19 litres to expand 

11*19 
to 15*28 litres is therefore 14*5 lbs. x rrrrT; or 10*6 lbs., 

15*28 

a pressure which corresponds to about 21 \T\c\i^ oV tgl^t- 

cwry. Hhh result IB, therefore, brought a\)o\xi\>^ x^uiov^ 
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incheB of mercury, and the esp an si on by one-bundrodth 
part, or from H49 litres to 11-28 litres it brought about 
by a reduction of 'Oil inch in the height of the mercury. 

Theao facia lead to the important conclusions that in 
perfect gases equal additions of temperatare or of 
pressure produce eq^ual proportional effects, and that what 
temperature does, pressure counteracts bo far as expansion 
is concerned. In short, we have a balance by which we 
can compare the relative intensities of different kinds of 
force analogous to the ordinary balance by which we com- 
pare the relative weights of different quantities of matter. 
The gas expands by the addition of heat or the snbtraction 
of pressure, and it conlraols by the subtraction of heat or 
the addition of pressure. For each hydrogen unit of heat 
taken up it expands by afj of its bulk, and becomes 1°C. 
warmer ; and for each weight-nnit it contracts by ^ 
of its bulk, The weight-unit then is, as we have before 
indicated, less than the heat-unit, inasmuch as the heat- 
unit expands and warms, while the weight-unit counter- 
nola t!ie expansion only. We may express this by 
equations. Thus, 1 gramme of hydrogen + 1 heat-unit 
rz 1 gramme of hydrogen -f- 1 weight-unit -|- 1° C, or 

1 gramme of hydrogen -|- 10'428 ft.-lbs. = 1 gramme of 
hydrogen + 3-05 ft.-lbs. + 7-37 ft.-lbs. Therefore the 
heat-Tinit eqnals 1 weight-unit -J- 1° C, and the weight- 
unit equals the heat-unit — 1° 0. If then the gas is 
expanded from H'19 to 11'23 litres, and has its tempera- 
ture raised from 0° to 1° C. by the expenditure of heat 
force corresponding to 10'i28 ft.-lbs., we have the state 
represented in the equation ; and, supposing the gaa was 
under constant pressure, it follows that if an additional 
force of 3-05 ft.-lbs. be added to the pressure the gas 
will be reduced to its original bulk, and the heat used 
for expanding the gas will be liberated. This quantity 
of heat is represented by the 3'05 ft.-lbs., and would 
be sufficient to raise the temperature of the 11'19 litres of 
hydrogen from 0° to '414°. 

AU matter resembles hydrogen in possessing most □(,, 
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the above properties, snch as expanding when heated, and 
contracting when cooled ; bat there are some snhstances 
which, at certain temperatures, expand when cooled and 
contract when heated. These exceptions, which inclade 
water, bismuth, amorphous antimony, amorphous sulphur, 
amorphous selenium, iodide of silver, and a few other sub* 
stances, will not appear to be quite so anomalous, if it be 
remembered that heat is not simply an expanding force 
when applied to elementary liquids and solids. In these 
substances the density does not depend solely on heat or 
pressure, but chiefly on a third force usually known as 
cohesion ; while in compounds there is still another con- 
tracting or uniting force known as chemical affinity. In 
addition to these there are other forces, such as magnet* 
ism, which appears sometimes to act as an expander, and 
electricity, which is a powerful counteractor of chemical 
affinity. It is known that the intensity of some of these 
does not bear the same direct relationship to that of heat, 
as is observed between heat and pressure, and hence it is 
possible that at certain temperatures the contracting forces 
may diminish more slowly than the expanding forces 
are increased when the substance takes up an additional 
supply of heat. The line of inquiry thus suggested 
would, if followed up, probably afford some explanation as 
to why different elementary substances have different 
densities or specific gravities at the same temperature and 
under the same pressure. This difference is strikingly 
shown by the column in the table at pp. 24, 25, which gives 
the specific gravity of the elements according to the 
hydrogen scale. As will be presently shown, the relative 
weights of gases and vapours have an intimate connection 
with their chemical nature, and probably there is an 
equally intimate connection between these two properties 
in solids and liquids; but it has not yetbeen demonstrated on 
account of the difficulty of distinguishing between the spe- 
cific gravity due to the chemical nature, and that due to the 
molecular condition of such substances. Notwithstanding 
this, the specificgravity of minerals is an exceefim^^jVcckYSt* 
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taut ell nracter. If every minernl were absolutely pure itsBjie- 
cific gravity would be the eanio in all Bpeciraena under einii- 
Inr circumalancesHB regards temperature and pressure. But 
as there is n certain rangeiti their composition, bo there Ib a 
certain range in their specifie gravity ; and hence it ia that 
in describing minerals this range is generally mentioned. 
In rainerala having the conalitution of common salt (NaCl) 
there is no room for any vorialion in constitution, and there 
is scarcely any variation in their specific gravity ; bnt in 
more ooniplicftted minerals the range may be considerable. 
Still the character ie a sufficiently marked one to enable 
the attitlent to readily distinguish moat minerals having a 
Bimilarity of colour and appearance. The specific gravity ia 
aaoertftined by first weighing the mineral in water, then in 
air, and by dividing the last result by the difference between 
the two. The rationale of this proceei will be under- 
Btood by remembering what is done inordinary weighing. 
A braaa weight being placed in one scale, may be counter- 
balanced by ft similar weight in the other. If a gold 
weight of similar size were substituted for the latter, 
several brass weights would be required to counterbalance 
it. In other words, the specific gravity of gold is greater 
than that of brass. Huppoae then water be used instead of 
brass, and suppose that a vesBel be used having a capacity 
of one pint. If this be filled with water, the water will 
weigh abont 20 onnces; if it be filled nith fine sand, the 
weight of the sand will be abont 52 ounces ; and the propor- 
tion between the two weights ia as 1 to 2-6, which numbers 
represent the specific gravity and relative weights of the 
two subfltaneea. This method would be inconvenient for 
most solids, and hence the ordinary process is resorted to. 
When the body is immerBed in water it displaces its own 
bulk of that liquid, and its weight ia such ciroumBtanccB 
ia its absolute weight less the weight of the bulk of water 
of which it occupies the place ; when weighed in air 
the weight ts the absolute weight less that of its own 
bulk of air. As the air displaced has an almost in- 
appreciable weight, thia is diaregarded; and hence we 
Jmve the abtolate weight of the eubstnnco an;5 the same 
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weight leflsened by thai of a aimilar balk of water. The 
difference is clearly the weight of the water, and if this 
be oalled 1, it will, when divided into the absolate weight, 
give a qaot'ent representing the relative weights or 
specific gravities. 

The chemical composition of minerals is a highly im- 
portant character. The chemist is acquainted with about 
60 elementary substances, that is, substances which have 
not, as yet, been split up into two or more other sub* 
stances possessing different properties. AH bodies known 
to the chemist are composed either of the elements them* 
selves or of combinations of them. Amongst the elements 
which occur in the native state may be mentioned oxygen, 
carbon, copper, gold, and platinum, while most of the 
minerals are examples of compounds. If the reader 
glances through the following descriptions he wiU notice 
that, generally speaking, the simpler compounds are 
described first. Hydrochloric acid (HOI) is among the 
earliest mentioned, and as this is one of the type» of 
chemical compounds, we will examine its properties and 
nature a little closer. H and CI are the symbols or short 
expressions for hydrogen and (7hforine ; every element 
has its symbol, as shown in the table at pp. 24, 25, and HCl 
indicates that the two are chemically united. Both are 
gases, but the one is much heavier than the other. This 
relationship in weight is expressed in many ways. Thus, 
if we weigh similar volumes, say 100 cubic metres, when 
the temperature is about 60° F., and the atmospheric 
pressure counterbalances 30 inches of mercury, we find 
that the hydrogen is equal to 2*15 grains, and the chlorine 
to 76*6 grains, or in the proportion of 1 to 35*6. The 
same relation may also be expressed by referring their 
relative weights to that of a similar bulk of air under the 
same conditions. Thus, if the air weighs 1 lb., the 
hydrogen will weigh '0692 lbs., and the chlorine 2*4:7 lbs., 
which numbers represent the spectfic gravity of these sub- 
stances, air being unity ; but if hydrogen be selected a& 
unity, then H would be 1 and 01 = 35*5, -w^AeV hxjco^^x^ 
also represent the weighta of the Bmallest. coija^avcAXv^ '^tQ' 

fiS 
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portions of Jiyjiogen and chlorine, or, as tliey are gene- 
rally called, tho atomic weights. The theory of atomic 
weights, however, involvea something more than thia, 
viz,, that hodics always comhine in n definite proportion, 
or some multiple thereof. Thns, if we place a volume of 
hydrogen ami a voliirae of chlorine iu the same vessel, 
and expose them to direct aiiniight or to flame, they will 
oomhine with a loud explosion. None of the hydrogen or 
chlorine will remain uncomhined ; hut if originally the pro- 
portions of the two gases had been slightly unequal, the 
excess ahove the volume would remaia uncomhined. 
When hydrogen or chlorine are comhined, either with 
themselves or with other Bubstanccfl, it is always in the 
proportion of one, two, or several volumes, and never in 
any fractional proportions, such as 2i^, 3^, &c. This 
principle is the basis of the great discovery of Dalton, 
known, as the law of comhinatlon in ilcfinite and multiple 
proportions. For the purpose of illustration we have 
used the word volume, as that implies no hypothesis ns to 
the constitution of matter; but Dnllon used tho word 
atom, by which he meant a particle of matter incapable of 
being divided either physically or chemically, which did 
involve an hypothesis, seeing that nothing was, or indeed 
is, known as to the ultimate composition of matter. It is 
possible that the chemical atom may be composed ofaeveral 
physical atoms. The word atom, as used by chemists now, 
simply means tiie amalleat known combining proportion of 
ft body, without any reference to indiviaibiUty, while mok- 
ctik is the term given to the siunllest cluster of atoms 
capable of flelf-existence. The word vnit ia also some- 
times employed with the some meaning, and seems to be 
preferable to any yet mentioned. The I£ then stands for 
1 atom, unit, or volume of hydrogen, and in the same way 
tlie symbols of all other substances stand for 1 atom, unit, 
or volume. If there are two or more atoms or volumes, 
it ia indicated by a small number ; thus H, = 2 volumes 
of hydrogen, H, = 3 vohimea of hydrogen, and so on. 
Hydrochloric acid is, as we have said, HCl. There are 
/»a idem imjilieA in this, whick should be cnrcfully dia- 
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tiDguiBhcd in afi cbemictl forma]«. first, it implies that 
with every grain weight of hydrogen there is combined 
d5'5 grains of chlorine. This is a matter of direct ex- 
periment, and is easily ascertained. It also implies that 
hydrochloric acid is composed of 1 volume of hydrogen and 
1 volume of chlorine ; Uiis is a matter far more difficult of 
proof, and necessitates a comparative analysis of all the 
other bodies known to contain either of them. This 
point is well iUastrated in the case of water. Chemists 
have long admitted that the proportion by weight between 
the hydrogen and oxygen of which it is composed is as 1 
to 8. In accordance with this the formula HO was 
adopted, which it will be noticed implies that they are 
combined in the proportion of atom for atom. Suppose 
we admit this, then the atomic weights of U = 1, of 
CI = 35*5, and of = 8. If what we have said above 
be true, it will follow that the volume of hydrogen which 
combined with chlorine to form hydrochloric acid, wiU com- 
bine with 1 volume of oxygen to form water. The ex- 
perimental test does not confirm this view, as the result of 
the attempt to combine equal volumes of these two gases 
is water plus half a volume of oxygen. In other words, 
oxygen will never combiue with less than twice its own 
volume of hydrogen. There is a substance, the peroxide 
of hydrogen, whose formula is frequently written HO ; 
and this would appear to be directly opposed to the 
above statement. This formula does not truly represent 
peroxide of hydrogen, which is H,0,. The difference 
between the two is an important one, and should be ex- 
pressed in all formuln, although it is frequently not indi- 
cated. By HO is meant that 1 volume of hydrogen and 

1 volume of oxygen are combined to form 2 volumes of a 
protoxide of hydrogen ; by H^O is meant that 2 volumes 
of hydrogen and 1 of oxygen are combined into 2 
volumes of steam ; and by HgO, that 2 vohimes of 
hydrogen and 2 volumes of oxygen are condensed into 

2 volumes of a peroxide of hydrogen. If all these bodies 
were known in the gaseous state, HO v?ow\4\i^\\^\.«t^%:cL 
n,0, and this in its turn would be lig\ileT llawi'S. jvi v^^^ 
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under certain conditions, wliich cannot be mentioned here, 
tlie enme would be the case if all the bodies were known in a 
liqnid form. The specific gravity of llqnid HO, if it were 
known, wonld be leas than 1 ; that of H,0 or water is 
1 ; and that of peroxide of hydrogen, or H,0,, ia l'i5, 
Again, the O in HO is indivisible, but peroxide of hydro- 
gen is reroaikable for the facility wilh which it pnria 
with half its oxygen, Whether water be formed by 
Bynthoaia or decomposed by analysis, its composition is 
always 2 volumes of hydrogen and 1 volume of oxygen. 
The conclueion then is that the molecule of water con- 
tains twice as moch hydr gen as hydrochloric acid. If 
then the latter is HCl, the former sho Id he H^O. There 
ore many confirmations as to the correctne^a of this latter 
view, and one of these is that the proportion between 
the specific gravities of the two gases s the same as 
between their atomic weights v z as J Il3 : I'lOuS or 
as 1 : 16, This similarity in the pioportiona probably 
obtains between the specific gravities of all substances in a 
gaseoaa state and their atomic weights. It may then be 
considered as .ilmost certain (hat in hydrochloric acid the 
H and CI are combined atom for atom. There are 
mnoy other elements which combine atom for atom, and 
are hence distingnished as monatoniic elements. A list 
of them is given further on (p. 26). Compounds having 
this constitution are represented hy such minerals as com- 
mon sail, and several others described in Chapter V. 

Water is another primary chemical type, and ia composed 
of 2 atoms of hydrogen to 1 of oxygen. Oxygen and all 
elements which, like it, combine with 2 atoms of hydrogen, 
or any other monatomic euhstance, are said to be diatmnic. 
There are many compounds having this conatilution ; for 
example, arifcntile is Ag,8 ; cuprite CojO. Water may 
be represented either by H,0, or HHO, and any of 
the 3 atoms may be replaced by another of (he same 
degree of atomicity as itself, or the 2 atoms of hydrogen 
may be replaced by I atom of a diatomic element. A 
simple illustration of this occurs when potassium is throwD 
ao wa/rr. The potassium (K) takes fire, hydrogen ii 
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Kberated, and hydrate of potash is formed. Expressed 
chemically, the process is this. Water being HHO, 
the potassinm turns out 1 atom of hydrogen and takes its 
place; or 

HHO + K -- IIKO + H. 

(water) (potaMium) (Iiydratc of poUasium) (hydrogen) 

The second atom of hydrogen may be tar'ned out by 
exposing 1 atom of the hydrate and 1 atom of potassium 
to a high temperature. The process is 

HKO + K : KKO + II 

(hydrate of potassium) (potassium) (potosJi) (h}*drogen) 

By suitable means the may be replaced by a diatomic 
element, such as sulphur, S ; but as the process is a com- 
plicated, indirect one, the details will not be given. 
Suffice it to say that the atomic weights or combining pro- 
portion given in the table, explains difficulties which could 
not be satisfactorily surmounted by the numbers in use a 
few years ago. We have already given experimental tests 
which support the accuracy of H,0 as the formula for 
steam. And now we will try another. If HO is right, 
the potash experiment shows that we can divide H into 
two smallest combining proportions, which is an absurdity 
if the meaning of the word, atom, is accepted as defined 
above ; but if IIjO is right, it is quite consistent, as the 
experiment only proves the divisibility of a molecule or 2 
atoms of hydrogen. If then the atomic weight of hydro- 
gen is 1, that of oxygen is 16, and water is composed of 
2 parts by weight of hydrogen, and 16 parts by weight 
of oxygen. There isyet another test, viz., the specific gravity. 
As a rule the mon atomic gases combine volume for volume 
to form a compound composed of 2 volumes. Hence, in 
order to find their specific gravities, it is only necessary to 
add their atomic weights together, and divide by 2. Thus 

36-5 
H = 1 : CI = 35-5 = -^ = 18-25 ; but as air is usually 

taken as the standard and not hydTOgeii,t\A^Ti\XTE^^wa»L^\» 
be multiplied by the specific gravity of bydxo^^w \ ^^^^^ 



r 



"14 WATER. — AMMfNIA. 

have 18-25 X "0603 = 1-2G6. According to experimeota 
it IB 1'27. In the aecoad class of bodies formed upou the 
type H,0, the 3 volumeB of gas combined form a com- 
pound which in the gaseona state haa a biilic of 2 volnmeB, 
consequently there haa been condensation. The atomic 
weight of H being 1, and of 16, H,0 = 18, the specific 

18 
gravity of ateam will he -;;- X -0693 = -623, Accoi-d- 

iiig to experiments it is '620, The alight differences ob- 
servable between the results of calculation and experiment 
are in most cftsea dne to a want of strict comparability of 
ihe surrounding conditions. However the results are 
Buflaeiently close for our purpose, which ia to show that 
the formula H^O, ia preferable to HO, and that every 
formula ought to he in harmony with both the phyaical 
and chemical properties of the substance. The apeoilic 
gravity of HjO = IS, as we have seen, is '02, or that of 
ateam: while that of HO = 9, if it existed, woidd be 
"31. The speoitic gravity is, in fact, a teat of the ac- 
curacy of a formula, and may even be employed aa a means 
ofascertainingwhatthe formula is. Thus under sulphuretted 
hydrogen the specific gravity is said to be 1'178 ; hydro- 
gen we know ia a monatomic element, and sulphur ia 
a diatomic one. The simplest possible combination is 
when 2 volumes of the one and 1 volume of the other 
combine to form 2 volumes of a compound. In order to 
find out the constitution of the body, we must reverse the 
prooeaa by v^hich the specific gravity was deduced from the 

■0603 
formnla. Thus we divide 1478 by -s- and the result 

is 34'90. On referring to the table of atomic weights, 
we fiud S = 32, aud H = 3, leaving a surplus of "9, 
which is partly due to the atomic weights not being ex- 
pressed with absolute correctneaa, The atomic weight of 
hydrogen is so small th.it it appears doubtful, in this in- 
stance, whether there are 2 or 3 volumea of hydrogen; 
but where the atomic weights of the elements are greater, 
thia difficulty is not met with. 
-iiii/nuiiiii (Il^N) is another cUetuienl type, and 
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Bimilar arguments might be broaght forward in support of 
its being HgN, and not H^ N„ or Hj N|, all of which are 
equally consistent with the fact that ammonia is composed 
of 83*39 per cent, by weight of nitrogen, and 17*61 per 
cent, of hydrogen ; but the latter two are inconsistent with 
the fact that the hydrogen in ammonia can be divided into 
'three parts, and as far as the chemist knows at present, into 
three parts only. The first, also, is the only one which bar- 

3 X 14 

monises with the specific gravity. Thus — - — X "0693 

= 5'89, while the results obtained by Davy and other ex- 
perimenters, vary from 5'90 to 5' 96. In the formation of 
ammonia the 3 volumes of hydrogen and 1 volume of 
nitrogen are condensed into 2 volumes of ammonia. In 
ammonia, as in the previous types, each atom may be re« 
placed by another of the same degree of atomicity as itself; 
thus the hydrogen may be replaced by one, two, or three 
monatomic atoms or radicles, or the N may be replaced 
by a triatomic atom ; or several molecules of ammonia may 
be concerned, in which case a given amount of atomicity re- 
presented by hydrogen and nitrogen may be replaced by a 
similar amount of atomicity represented by other elements. 
Examples of this abound in organic chemistry, but are 
comparatively rare amongst minerals; nevertheless, the 
same law prevails in both organic and inorganic compounds. 
The triatomic elements are arranged in the table (p. 26), 
along with nitrogen. 

Marsh gas (H^O) is another type. It is composed of 4 
volumes of hydrogen and 1 volume of carbon, and still the 
volume of marsh gas is only twice that of free hydrogen. 
Its specific gravity is sufficient to confirm this statement, for 

4 -h 12 
the atomic weight of carbon being 12, we have ■ 

X '0693 = '5544, which closely accords with the result of 
experiment, viz., '5576. Compounds of this type are exceed- 
ingly abundant in organic chemistry, but there are some 
minerals which represent it; and these enter into mo«tQ^\kvfe 
species known to the mineralogist. Oatbom^i «k^\^ vjj^ ^ 
is ono oftbem, and silica (Si O,) is anoftieT. ^\\^\^ «t^ 
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n few elemetita nliich appear to be penUtomic, hexatomic 
and hcptatomic. 

We hftve liitlierto Bpokec of the degree of atomicity as 
if tliere were no exccpliona to the rn!e laid down. There 
are some, bnt whether apparent or real is not known. It 
acnrcely comes witliin the province of anidimentarytreatiBC 
to point OTit tlieae anomalies. One of them is that the same 
element may combine with an odd or an even number of 
atoras of chlorine, aa in the case of iron, copper, and a 
few more. Thus we have FeO or ferrous oxide, in which 
iron is diatomic, and FogOa or ferric oxide, in which it in 
trintomic. These are diEBcultiea which are varionaly ex- 
plained hy chemista ; but na yet the true anlulion does noi 
appear to have been started, unless it he that the com- 
bining- proportion is intimately connected with the relative 
densitiea of the elcmenta at the moment of combina- 

In. the following table tlie atomic weights which heel 
conform to modern rescarchea are given. The Btudent 
must not look npon them aa absolute trath, bat simply as 
the beat known aa yet. Probably, in the course of a few 
years, clrcomBtancea will rec[uire the alteration of some of 
them. 

In the deacription of most of the minerals, the student 
will notice a formula, followed by a 2>er-centtt({e compoiUion, 
that is, the weights per cent, of the varions cona^tuents. 
Thus stephanite is headed by GAgjS. Sb,S, or Ag ^ 71'1. 
8b = 13-1, a = 15-8. In this, as in all similar cases, 
the formula is to a certain extent hypothetical, and the 
per-centage composition aimply represents what would 
be the compoaition of a pure mineral having this formula. 
There is one great defect in all the formuhe for liquid and 
solid minerals, inasmuch aa they only represent the propor- 
tions in which the elements arc present, and not their 
degree of condensation. Minerals ara seldom or nevei 
absolutely pure, and conaequontly an nctaal analysis wili 
not precisely correspond with the figures given by the 
formula. By impurity we here mean chemical impurity 
Dot the roccbanlcftl admixture of dirt nnd other I'oreigo 
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sabetances. For iDBtance, the following are analyses of 
stephantte by Kose and Kerl : — 

Bote. Ked. 

Sulphur 16*42 16*61 

Antimony .... 14*68 15*79 

Silver 68 54 68-38 

Copper '64 — 

Iron — '14 

Neither of these, it will be noticed, perfectly agree. 
The copper and iron are present in small quantities only, 
and have in all probability replaced a portion of the silver. 
If twenty analyses had been given, the same minor dif- 
ferences wonld be seen. These differences may be due 
partly to the impnrity of the specimens, and partly to the 
want of accuracy on the part of the analysers. In a full 
treatise on mineralogy it wonld be desirable to give a 
number of analyses of each substance, in order that the 
student might work out the formula for himself, but in a 
small treatise this is impracticable ; so that the only course 
is to give the supposed composition of the pure mineral. 
The way in which formulie are constructed from analyses 
is as follows : the atomic weight of the element is ascer- 
tained, and the number in the analysis is divided by it. 
Thus, in the case of stephantte, — 

lC-42 
Sulphur S == 32 and —^ ^ -ol 

Antimony Sb =122 and = '12 

^ 122 

Silver, Ag = 108 and -2^ = -63 
^ 108 

A comparison of its crystalline forms and general be- 
haviour before the blowpipe with those of pyrargyrite, 
points to the probability of its being, like that mineral, a 
sulphantimonite of silver. The selection of the best 
formula is always an exercise of the judgment, especially 
in the case of complicated minerals. In pyrargyrite the 
number of atoms of antimony is 2, and t\i^ ^Ao'^HxQtL ^\ 
the same number of atoms for stephaniit e^^^xiVX^ ^^^^< 
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tales the con Btr action of a furmnla. If antimony be 2, 
then tho proportion as above given ehould be doubled 
and conBequenfiy all the others will require to be doubled. 
The formula which answers best for these proportions i» 
G Ag, S Bli, S,. In simpler cases the process is much 
easier : tbua, according to various chemiBtg, galena was 
fonnd to contain the following proportion of ingredients ; — 



i.a. 



= -i nearlv; and -jnT ~ '5- Considering that the 



Sulpbor 



The silver, iron, and zinc are clearly i 

pure galena, and there is an evident want of uniformity in 

the analyses. The atomic weight of lend is 207 and -^ 

32 

aanlyses do not show any evidences of tbe purity of the 
specimens experimented upon, the prubahility is thnt the 
elements are combined in equal atomic proportions. The 
formula then is PbS, which is known to be the true for- 
mula, since galena can he formed artificially. 

It is often desirable to ascertain what the per-centage 
compoeitiun of a mineral is when the formula is known. 
By way of illustration we will convert tho formula of 
galena and etephanite inio their per-centnge compositions. 
The method ia to add up the atomic weights of all the 
elements, and then to work out the number to be allotted 
to each by proportion. Thus, PbS = 207 + 32 = 239. 
The proportion of lead is as much less 100 as 207 is less 
than 239 ; or 

As 230 : 208 : : lOO : X = SG'G. 



The remainder 134 per cent, is of course sulphur. Tha 
Mime pTocBBB is followed iu the case of ttepkwnite ,* here 
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there are 12 atoms of silver, 9 of salpbar, and 2 of anil 
mony. 

Antimony = 122 x 2 =^ 244 
Sulphur = 32 X 9 = 288 
Silver = 108 x 12 =-= 1296 

1828 

On working out the various proportion sums we get 
antimony = 13*1 ; sulphur = 15*8, and silver = 71.1. 
Although we have already devoted so much space to 
the chemical branch of mineralogy, and a great deal more 
might be said, we cannot entirely pass over the subject of 
isow.orphism, a law of great importance in mineralogy. 
By isomorphism is meant the similarity in crystalline 
forms presented by bodies having similar chemical con- 
stitutions. There are many examples, but perhaps the 
best known form the group of carbonates to which arra- 
gonite belongs, as given below. 





Terminal angle 
Compoaltion. of right rhomuo 


Name. 




priBm. 


Arragonite . 


. COjCaO . . 116M0' 


Witherite . . 


. COiBaO . . 1180 30' 


Strontianite . 


. COjSrO . . 117'' 19' 


Genuito . . 


. COsPbO . . 117* 14' 




Terminal angle of oMoae 
rhombohedron. 




Calc Spar . . 


. COiCaO . . 105** 3' 


Magnesito . . 


. COiMgO . . 107° 26' 


Dolomite . . 


. 00,Mg:CaO 106" 15' 


Mesitme Spar 


. OOiMgrFeO 107M4' 


Chalybite . . 


. COjFeO . . 107* 


Diallogite . . 


. COjMnO . . 106*51' 


Cnlamino . . 


. COjZnO . . 107*40' 


Barytocalcite 


. 00, Ba : CaO . 106* 64' 



In each of these groups the angles of the crystals vary 
very slightly, so slightly that as regards the general form 
of the crystal it does not matter whether calcium, mag- 
nesium, manganese, iron, barium, zinc, oi \^v)kdi/\^ ^^ 
metal present These elements all belong to \)[i^ d^^\.oTK\s^ 
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serisB, aiid may replace encli other in any proportiyn 
without mnteriiiUy altering the form of the crystal. Henca 
those elementa, or the carbonates into which tliey enter, 
are said to bo isomovphoiis. We cannot follow out this 
law into all its ramifications in order to show how per- 
oxides replace peroxides, and protoxidea replace protoxides ; 
how by this proceea of Biibatitntion, which is constantly 
though slowly going on in nature, one mineral species is 
converted into another ; how by anbatitation and loss, 
rocks, which are aggregates of minerals, are completely 
altered in nature, but must content ourselves with hinting 
that BQch phenomena do exiet, and that their investigation 
is one of the most interesting branches in the whole 
ran/^e of mineralogieal science. There is reason to be- 
lieve that peroxides may be replaced by protoxidesj and 
protoxides by peroxides, and it is in accordance with this 
belief that many of the formulK of the silicatea in this 
treatise have been formed. These fotraiilas are simpler 
than those nsnally given, and represent the true proportion 
of the elements, but not their netnal volumes. Thns, 
sjiessarline is represented by Mn : Al SiO, and p>/rope by 
(Al : Cr : Ga : Fe : Mn : Mg) SiO,. The aubstances 
separated by colons are supposed to be isotnorphous, and 
the whole of them pnt together suffice to combine with 
two atoms of oxygen, the silicon requiring the other two. 
Manganese is a diatomic, and aluminiuo] a triatomic 
element ; so that in pure tpessarline the proportion of 
oxygen belonging to them would bo as 1 to 3. It might 
be written (J Mn Al Si 0,) ; but this formula would not 
then answer for specimens in which Bubstitution has taten 
place. In all these formulffi the proportion of oxygen 
indicates at once the per-eentage composition of the pure 
mineral. One advantage attending this method is that 
the relationship in chemical coniposition is more clearly 
shown. 

The specific heat of bodies is, like specific gravity, nn 
important aid in determining their physical constitution. 
In referring to the relations between weight and matter, 
// was snid thnt .'ill matter has weight, and that tiie same 
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quantity always baa the same weight. A aimilar state- 
ment might be applied to beat, but it would not have the 
same general application, since carbon, boron, and a few 
other elements would be exceptions. Bearing those 
exceptions in mind, a few details may be g^ven respecting 
some of the relations between heat and matter. In an 
earlier page mention was made of the effects of heat on 
hydrogen, and it was stated that a definite quantity of 
heat was required to raise 1 gramme (15*44 grains) from 
O to 1^ C. under a constant pressure of 80 inches of mer- 
cury. This quantity is represented by the mechanical 
force of 10*4 ft.-lbs. For the sake of convenience we 
shall adopt this as a unit, although in most books the 
quantity required to heat a given bulk of air or water to 
the same extent is usually adopted. The figures deduced 
from the hydrogen standard are always placed in paren- 
theses.* 

By specific heat is meant the relative quantities of heat 
which dififerent bodies absorb when their temperature is 
raised by the same amount. Thus, if a pound of mer- 
cury and a pound of water having the same temperature 
be heated for, sny ten minutes, by the same source of heat, 
and in a situation equally favourable for both to take up 
the heat, it will be found that the temperature (as marked 
by the thermometer) of the mercury will be much greater 
than that of the water ; in other words, the water requires 
more heat than mercury to raise its temperatare through 
the same number of degrees. This quantity varies ac- 
cording to the state of the substance and with different 
substances. If 1 gramme of hydrogen at 0° C. (32^ F.) 
and under a pressure of 30 inches of mercury, requires 
the quantity of heat represented by 10*4 ft.-lbs. to raise 

♦ The English unit of heat is the quantity required to raise 1 lb. 
of water from 60° to 61*' F., the equivalent of which in work is 
772 ft.-lb8. If this be reduced so as to harmonise with the hy- 
drogen unit, we shall find that 1 gramme of water is raised from 
0® to 1* C. under constant pressure by a quantity of heat equiva- 
lent to 305 ft.-lbs., which it will be noticed is to 10*4 ft.-lba. «a \ 
to 3*4, the latter Humber being the specific "Vica^i ot \v^^;3K>^vi\i 
according to the water scale. 
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ita temperature 1° C, it will require a emaller quanlity 
to effect the sDine result \;'lieu the presBure is increased by 
30 iiichea of mercury, or 1 atmosphere ; Btill leaa when it 
IB increoseil still more; and hence the spcclfio heat of 
hydrogen under high preBSure, or of liigh speciiic gravity, 
ia IcBB than that of hydrogen of low specific gravity. 
What is true of hydrogen wil! npply generally to all Buh- 
BtnncGS, so tiiat ns a rale substances of high specific 
gravity liave a low speoific heat, nnd pice jjwsd. Bnt this 
rule cannot be appUed strictly, for the Bpecific heat does 
not bear any direct relation to the specific gravity of liquids 
and solids, although it does to gases. The explanation is 
not known, but it appears that the specific heat is in- 
fluenced by the relative degree of condensation. Boron 
and carbon, it will be seen by referring to the Table, are 
about three times ns dense as most of the other elements 
relatively to their atomic weight, and their atomic heats 
are about three times os small. However this may be, it 
is known that the specific heat is intimately connected with 
the chemical nature and constitution of substances, and that 
when the substances are in the gaseoas state, that is, de- 
prived of cohesive fores, there is a direct relation between 
their specific heat, specific gravity, and chemical nature. 
Thus we found that the unit or combining volame of hydro- 
gen and oxygen respectively weighed ] and 16, These 
numberB represent the proportions, but for convenience 
we will suppose them to be I gramme (15'44 grains) and 
16 grammes (246 grains). The specific heat of hydrogen 
ia 3'i (1) according to Regnault, who employed woter aa 
bis unit ; and that of oxygen -2175 ('625). It will be 
noticed that when the numbers representing the specific 
heat and atomic weights are multipUed into each other 
the result is 3-i in the caae of hydrogen, and in that of 
oxygen "2175 X 16 = 3'4. The figures represent- 
ing the specific heats in parentiieses afford a rough 
but ready means of ascertaining the force equivalent 
to the various specific heats. Thus, in round num- 
bers, a specific heat of 1 according to the hydrogen 
scale corresponds to an energy of 10 ft.-lbs., so that iho 
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specific heat cf the other sabstanccB reciuire to be multiplied 
hy 10 when the energy corresponding to them is wanted. 
The heat required to heat 1 gramme of oxygen from 
0° to 1^ would therefore be the quantity corresponding to 
an energy of 6*25 ft.-lbs. The same numbers may 
be employed in another way, since, on the assumption 
that the source of heat is uniform, they indicate the time 
required to heat the substance through the same number 
of degrees. The time is inversely as the figures. Thus, 
if the temperature of oxygen was raised from 10^ to 80° 
in 62 minutes, the same bulk of hydrogen would be 
heated from 10° to 80° in 100 minutes. In the following 
table these numbers are given for each element as far as 
known. 

The specific heat of liquid and solid compounds have 
not been sufficiently studied to enable us to point out the 
relations between their specific gravity and specific heat ; 
but enough is known to indicate that the specific heat is 
an important aid in determining the chemical composition. 
For instance, we frequently have a number of substances 
possessing analogous formulae. The group of carbonates 
already mentioned is one example, and the oxides analogous 
to silica (SiOg) form another. In the majority of cases 
the specific heat numbers of the substance multiplied by 
those representing the molecular weight give a nearly 
constant result in each group. A comparison of several 
minerals analogous to Fefi^ will show what is meant. 

Name. Formula. Sp heat. Molecular Sp. ht. x 

Water s=l. weight, mol. wt. 

Arsenolito. . . As, Os -12786 108 2301 

Senarmontite . . Sbj 0$ '09009 292 20*31 

Bismuth ochre . Bi, 0, -06053 468 2833 

Hsematite . . Fe^Os -16695 160 26*71 

Antimonito . . SbjSj -08400 t*WO 28-57 

Bismuthite . . Bij Ss '06002 516 3097 

If the student forms similar tables for himself from the 
specific heat given under the head of the mineral, he will 
find a similar result ; though there will gencrallY b^ «^^QtL- 
siderable range, which is probably due lalV.T lo \Xi^ '^wvX 
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of perfect and comparable experiments than to the want 
of any relation. The coincidences are so numerous that 
it is difficult to believe there is not some foundation for 
the statements made. The compounds formed by the 
union of single units of monatomic and diatomic elements 
give a result varying from 11 — 14, or about 12; the sul- 
phates isomorphous with gypsum, CaS O4, about 26 ; and 
the cai'bonates isomorphous with arragonite, COg CaO, 
about 21. 

In the following table the elements are arranged in 
the order of their atomic weights ; that is, the relative 
weights of their combining units. In the fifth column 
the numbers relating to hydrogen, oxygen, nitrogen, and 
chlorine, refer to air = 1. 
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Hydrogen . . 


H. 


1 


1 


•0629 


3-4 


1 


34 


Lithium .... 


Li. 


7 


6 684 


•689 


•940 


•138 


6-6 


Glucinum . . 


Gl. 


9 


23,473 


21 


•37 


•644 


3-3 


Boron 


B. 


10-9 


29,398 


2'63 


•25 


•037 


2-75 


Carbon .... 


C. 


12 


39,346 


35 


•146 


•021 


1-76 


Nitrogen .... 


N. 


14 


14 


•9713 


•243 


•071 


3^4 


Oxygen .... 


0. 


16 


16 


1-105 


•217 


•064 


3^4 


Fluorine .... 


Fl. 
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Sodium .... 


Na. 


23 


10,861 


•97 


•293 


•043 


6^7 


Magnesium . . 


Mg. 


24 


19,483 


1-743 


•249 


•036 


6^0 


Aluminium . . 


Al. 


27 


28,616 


2-58 


•225 


•033 


6-0 


Silicon 


Si. 


28 
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• • 
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4-97 


Phosphorus . . 


Ph. 


31 
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Yttrium .... 


Y. 
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Sulphur .... 
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Chlorine .... 


CI. 
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Potassium . , 


K. 
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Calcium .... 


Ca. 
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Chromium . . 
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8-01 
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Iron ........ 
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•113 
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6-3 


Cobalt 
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Co. 
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•106 


•015 


6^2 
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Nickel 


Ni. 


68 8 


96,801 


8-66 


•108 
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Copper 


Cu. 


63-4 


99,931 
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•095 
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Zinc 


Zn. 


66-2 


80,589 


7-3 


•095 


•014 
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Anenic .... 


As. 


75 
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5-96 


•081 


•012 


61 


Selenimn.. .. 


Se. 


79 
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4-3 


•076 


•Oil 


60 


Bromine .... 


Br. 


80 


33,310 


2-98 


•084 


-012 


67 


Babidiam . . 
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Zirconium .. 


Zr. 
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Molybdenum 


Mo. 


96 
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8-6 


•072 
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69 


Ck>lumbium . . 
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Palladium . . 
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11-8 


•059 


•0086 
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Silver 
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10-5 


•057 


•0083 


61 


Cadmium .. 
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99,484 
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•056 


•0082 


63 
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Sn. 
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• • 


• • 


•056 


•0082 


6-6 


Antimony . . 


8b. 
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6-8 


•050 


-0073 


60 


Tellurium . . 


Te. 


125 


69,303 


6-2 


•047 


•0009 


00 


Iodine 


I. 


127 


65,331 


4-9 


•054 


-0079 
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CaBsinm .... 


Cs. 


133 


21,014 


1-88 








Barium .... 


Ba. 


137 
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Vanadium ,. 


V. 
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Lanthanum.. 


La. 
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Didjmium .. 


Di. 
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AV. 


184 


196,722 


17-6 


•033 


•0048 


61 


Gold 


Au. 


197 


216,406 


19-3 


-032 


•0047 


6-3 


Platinum.. . . 


Pt. 


197-4 


239,209 


21-4 


•032 


-0047 


6-4 


Iridium .... 


Ir. 


198 


236,414 


21-1 


•032 


•0047 


64 


Osmium .... 


Os. 


199-2 


239.209 


21-4 


•031 


•0045 


6-2 


Mercury .... 


Hg. 


200 


151,797 


13-5 


•031 


•0045 


63 


Thallium 


Tl. 


204 


• • 


• • 


•032 


•0047 


6-6 


Lead 


Pb. 


207 


127,876 


11-4 


-030 


•0044 


0-3 


Bismuth .... 


Bi. 


210 


109,879 


98 


•030 


•0044 


0-4 


Thorinum . . 


Th. 


232-4 


122,958 


11-0 


•027 


•0039 


6-4 


Uranium .... 


U. 


240 


209,030 


18-7 


•027 


-0039 


6-6 



This table explains itself; but there are afew discrepan- 
cies which require some explanation . The second column 
on specific heat is calculated from the first ; but in the 
majority of cases they do not appear to correspond. Thus, 
if 3-4 correspond to 1, then -940 should corrospondto-'TlQj, 
and so on. The explanation is, that tho a^^eiStfi'Via^X. ^1 

o 
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hydrogen and the gases are referred to air as unity, ^ 
the solids are referred to water. A unit of hydrog 
1 volume, but the molecule of water occupies 2 voli 
and hence the gases are compared with a 1-vo 
substance, and the solids with a 2-Tolume comp< 
In order to have comparable results, all should h 
ferred to one or the other. In the last column al 
gases differ widely from the solids on this account 
water be selected as the standard for comparison, 
should all be doubled ; in which case the result is 
chlorine, however, being an exception. In this last 
the anomaly is due to a gas, near its point of condem 
into a liquid, being compared with others far abo^ 
In the last column but one the figures are all referr 
hydrogen, and hence those relating to solids and li< 
are half what they would be if referred to water. 
The principal monatomic elements are : — 

Hydrogen. Sodium. 

Lithium. Potassium 

Fluorine. Rubidium, 

Bromine. Cassium. 

Chlorine. Silver. 

The more important in the diatomic group are : — 

Oxygen. Barium. 

Sulphur. Zinc. 

Selenium. Cadmium. 

Glucinum. Mercury. 

Magnesium. Nickel. 

Calcium. Cobalt, 

Copper. Iron. 

Strontium. Manganese. 

The triatomic group includes : — 

Nitrogen. Aluminium* 

Phosphorus. Thallium. 

Antimony. Gold^ 
Bismuth. 
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A.nd the following are comprised in the tetratomic groap :— > 



Silicon. 


Zirconium. 


Carhon. 


Platinnm. 


Tin. 


Palladium. ^ 


Lead. 


Thorinum. 


Titanium. 


Tantalum. 



The most ohvious character in minerals is their cryMltaU 
line form, and from its constancy it is a highly important 
one. The regular figures of rock crystal and the diamond 
attracted the attention of the ancients, and are mentioned 
hy Pliny, but they were considered, till a much later 
period, only as curious accidental circumstances. Linnnus 
was the first who suggested that they must be the result 
of constant properties, and might be important in tho 
study of minerals; but ho appears to have been ac- 
quainted with very few, and to have neglected tho 
subject. 

Eom de Lisle, a French mineralogist, collected a vast 
number of crystals of different substances, examined them 
with care, and, by comparing together those of the same 
species, found, not only that certain angles were invariable, 
but that figures the most unlike had a relation to each 
other ; that they were derived from some fundamental 
form, altered by the solid angles or edges appearing to be 
removed, and replaced by one or more planes, sometimes 
small, sometimes so large as to efface those of tho original 
solid, and to produce another. 

As an example of this relation, let us compare some of 
the crystals which are common to Galena (PI. I.) Fig, 1 
is a perfect cube : in Fig. 2 the solid angles appear to be 
removed, and to bo replaced by small triangular planes : 
in Fig. 3 the triangular planes are increased so as to meet 
each other : in Fig. 4 they are still larger, and intersect 
each other. The crystal now assumes the appearance of 
an octahedron, of which the solid angles are replaced by 
small square planes. When the triangular faces increase 
in size, to the exclusion of the square otiea, \^^ \v^n^ ^ 
complete and regular octahedron, Fig. 5. 

o2 
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If the edges, instead of tlie angles, of the cube be re- 
placed ty planes inclining equally on the adjoiuiag facoa, 
Fig. 8, tbey will, if increaaed, pioduoe a dodecahedron 
with rhombic focea (Fig. 0.) The eame form will be 
obtained if the planes which replace the edges of the 
octahedron, as in Fig. 10, be enlarged till the original 
onca disappear. In this figure the Bobd angles are of two 
kinds : eis, wbicb coincide with thoae of the inscribed 
octahedron, are formed by the meeting ot/ovr acute plane 
angles ; the remaining eight, which agree with the angles 
of an inscribed cube, are compoaed of three ohtvee plane 

This connection between solids of very difterent form 
will be better understood if the student will take a cubic 
c J tal f flu par, and with a knife, properly placed, and 
a ba p bl w from a hammer, detach from each aolid 
an le a small three-Bided pyramid. The faces so pro- 
lu ed II always be equilateral, and the solid obtained 
w 11 be mila to Fig. 2 or 3, PI. I. 

If o ly f u Blternnte angles of the cube 
b m d ( n the direction of the dotted 
lines, Fig. 1), or, wbicb is the same thing, if 
four alternate faces of the octahedron be 
enlarged till the others disappear, he will 
obtain (Fig. 6, PI. I.) the regular tetrahe- vig- 1- 
dron. 

The modiScation represented in Fig. 12, PI. I., a 
bevelled cube, if carried to its greatest extent, would pro- 
duce a solid of 24 faces, which is not uncommon in fluor- 
spar ; bnt it often happens that only half of the modifying 
planes occur, and that they are then placed alternately on 
the similar edges (as in the last example they were placed 
on the alternate angles) : tiie cube thus modified would 
be represented by Fig. 13, PI, I., and if the bevelbng 
planes were enlarged till they effaced those of the cube, 
we should have a pentagonal dodecahedron, Fig. 11, 

rhi. 

The same planes occur on alternate angles of the octa- 
hedroa (Fig. 15, PI. I.), and when tbey are inereascj 
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the two modifications together prodace the icoeahedron 
(Fig. 16, PL I.), a solid of 20 faces. 

The angles of the cnhe are sometimes replaced by 
three planes, as in Fig. 17, PI. I., which, if enlarged, 
would finally produce a solid with 24 faces, called a trapes 
zohedron (Fig. 18, PL I.), a form often met with in the 
garnet. It will easily be seen that the same form is de- 
rivable from an octahedron. 

In this manner the multitude of crystalline forms at 
present known, and which amount probably to some 
thousands, may be referred to a very small number of 
simple figures, each of which is the bcue or tt/pe of a gproup. 
The first of these groups consists of the solids we have 
enumerated, which may all be referred either to the cube 
or the octahedron. There are also many others which 
may be conceived to arise from the replacement of angles 
and edges by additional planes, and various combinations 
of those above mentioned. Crystals of this kind are said 
to belong to the monometric or regular system. The 
distinctive character is this. Suppose the centres of the 
opposite faces of the cube to be joined by lines or axes. 
These will be three in number, at right angles to one 
another, and of equal length. All the derivative forms 
have the same character, provided the point corresponding 
to the centre of one of the cubic faces is kept uppermost. 
This in the octahedron is one of the angles. 

The simple fomois from which those of the second series 
are derived are the hexago- a a 

nal prism and the rhombo- 
hedron. The latter solid is 
of two kinds : Fig. 2 repre- 
sents an obtuse. Fig. 3 an 
acute rhombohedron. They 
must not be confounded with 
the oblique rhombic prisms ; 
for the faces of a rhombohe- 
dron are always exactly simi- 
lar and equal ; and it is represented in a &^mm^\x\^^^c^^« 
tion when the axis, a x, is vertical; moieo^cr 8S!LV)[i^\£LQ^oSbL« 




so 
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cations to which it ia liable take place By m metrically witb 
relation to this line, which pRBses through the sammili 
of the rhomhohedron. If the student examine a model 
of this solid, he will aee that tiieso anmmita differ from the 
other solid angles (which are termed lateral), being formed 
by the meeting of three eqnal plane angles : in Fig. 2 
these are obtuse ; in Fig. 3, acute. He will also distinguish 
the terminal edges, 1 1 1, which meet at the summits, from 
the lateral edges which meet in the lateral a 



Equilateral s 
hedrona, of which the edges a 
aided prisms, either simple oi 
md rhorahohedrons t 



and triangular do dec a- 
! alternately eqnal ; twelve- 
united with some of these ; 
.ugles, also belong to this 



group. In referring to the rhombohedron it is frequently 
said to have an angle of a certain size, without indicating 
which : the angle ( a ( is always meant. The replace- 
ment of the tefminal edges, Fig. 4, produces a rhombohe- 
dron more obtuso than the primary one, Fig. 5, and the 
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replacement of Iho lateral edges gives the regular hex- 
agonal prism. Fig'. (! ; ifa bases resulting from the replnco- 
ment of the summits of the rhombohedron. Fig. 7. But 
if the lateral edges be replaced by two planes 



i 



cation, if contiuned bo as to destroy the primary faces, 
would produce a aoalene dodecahedron, Fig. S ; that is 
i^, a (lodecahedron, the triangular pisues of which 
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have their sides unequal. The double six-sided pyramid 
with equal fctceSf Fig. 9, and another hexagond prism. 
Fig. 10, arise from the replacement of the lateral angles of 
the primary solid ; and it will be seen that the lateral facti 
of this prism correspond in situation with the edge$ of the 
one above described (Fig. 2). Among the crystals of 
calcspar the student will find all these modifications of the 
rhombohedron, and very many others. In this system, 
which is called the hexagonal system, there is a vertical 
axis and three lateral ones, inclined to one another at an 
angle of 60*^, and to the vertical axis at an angle of 90®. 
The lateral axes are equal in length. 

The square prism (Fig. 19, PI. I.) is the basis of a 
very symmetrica] group, all the lateral faces being equal, 
and similarly situated ; for it is a general law in crystalli^ 
zation, that whatever secondary planes are found to re« 
place any solid angle or edge of a crystal, every similar 
angle or edge will be similarly modified. In the cube, 
therefore, and all the simple solids of that series, every 
edge and angle undergoes the same alterations. Various 
octahedrons, both acute and obtuse (Figs. 20, 21), prisms 
with eight, or twelve, or sixteen sides (Figs. 23, 24), and 
rbomboidal dodecahedrons, which, though symmetrical, 
are not regular (Fig. 22), belong to this type (Figs. 19 to 
24, PL I.). 

The forms belonging to this system have a vertical 
axis, which in prisms unites the summit and the base, and 
two lateral axes at right angles to each other, and to the 
principal axis. Two of the axes are always equal in 
length, and a section, perpendicular to the principal axis, 
gives rise to squares or figures derivable therefrom. Hence 
this is called the quadratic or dimetric system. 

The crystals derived from a right prism with a rect- 
angular base, form a series which has less symmetry than 
those already noticed, because only the opposite faces, 
two and two, are equal ; and the longer and shorter edges 
exhibit separate and sometimes very different modifications ; 
of these, four and four are eqaal, and in a\\ lesp^^V.^ ^\m\- 
hrly situated, aa abown in Fig. 11. Figa. VI ^xA V^ 
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ahow the relation of the right rhombic priam to this poral- 
lelopipeci : in the first, by removing the ktero] edges of 
the reotangnlar prism, by planes parnllel to its diagonal*, 
we obtain one with a thomhic base : and in the aamo 




Fig. 11. 



manner the rectangular priam may be obtained from 
the second. Both are primary formj, and from Ihcni 
nro derived octahedrons with a rectangular or a rhombic 
base. 

In this Bystera there are tliroo rectangular axes, all of 
different lengths ; hence it is called frmetric. A section 
perpendicular to the vertical or principal axis gives a 
rhombic figure, or one derivable from it, and hence it is 
called rhoTnbic. The primary form ia a rhomi)ic prism, 
which is freriuently described by the angle which the two 
adjacent faces parallel to the principal axis make with each 
other. Thus the primary form of witherite is a rhombic 
prism with an angle of 118° 30'; of alstonite, 118° fiO'; 
of strontianite, 117° 10' ; and ao on. 

In the same manner, from an oblique priam with a rect- 
angular base, we derive a rhombic one. The symmetry 
and equality of the edges and solid angles are indicated 
by a repetition of the anme letters: the secondary 




forms, which are the consequence of their various modi- 
ticationB, will he noticed in the description of such 
miaera)3 as have one or other for their primary crystal. 
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It Bhonld be observed, that if the oblique prism with a 
rectangular base be placed on one of its lateral faces, it 
may be considered to be a right prism, with a rhomboidal 
base : by comparing the annexed diagram, Fig, 16, with 
the former one. Fig. 15, the identity of the two solids will 
be evident The crystals belonging to this group form the 
monoclinic system, in which the lateral axes are at right 
angles to one another, while the vertical axis is oblique to 
one, and at right angles to the other lateral axis. All the 
axes are unequal in length. 

The last group has for its type a parallelepiped having 
the least possible symmetry ; namely, an oblique prism with 
an oblique angled parallelogram for its 
base. Pig. 17. The only equality both 
of sides and angles, in this solid, is in 
those which are diagonally opposite. All 
the axes are unequal, and all are inclined 
towards one another. Hence the group 
is called the triclinic or anorthic system. 

The forms belonging to some of these groups are com- 
mon to several different substances, as for instance, the 
cubic scries, which includes the crystals of the native 
metals, of galena, spinel ruby, fluorspar, and several 
others ; in the rhombohedral series we find the crystallisa- 
tions of calcspar, the beryl, phosphate of lime and of lead, 
red silver ore, &c. 

Crystals are found much more commonly in groups 
than singly, and their modes of arrangement are very 
various. Cubes are sometimes aggregated so as to form 
an octahedron, as we see in fluorspar; rhombohedrons 
are sometimes built up into the form of a triangular 
dodecahedron, as in calcspar ; prismatic crystals are very 
often united together at one extremity, forming a radiating 
mass with pointed terminations on the exterior part : this 
is the case with several kinds of zeolite, amethyst, and 
many other substances. 

But the most singular groups are those called macles or 
hemitropes, because they resemble a cryala\ >N\i\0«i \i^% 

c 3 
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been cut iii two, and of wliicli one part hna been turned 
lialf round And re-iinited tu 
tho other. Sucli a division 
nnd rennion Iiaa, of coiirBo, 
' taken place ; a made 
conaiata in reality of two crys- 
tala, united by a correspond- 
""■'"■ ^.e--- jjig f^j,g of eitcli, but placed 

inversely with respect to each other, and which appear to 
have increased after tlieir union, by a continual addition 
of particles to each, until the plane of junction is con- 
siderably extended. This plane is eometinies parallel to 
two opposite faces of the primary crystal, aa in the 
example of the regular octahedron ; sometimes diagonal, 
OS in tho oxide of tin, felspar, and other minerals. 

In all these numerous forms, we And in the same 
species the same angles or inclinations of planes, however 
irregular they may appear from the unequal size of the 
faces. Distorted crystals of quarlz are of very common 
occurrence, — one face of the pyramid is often much en- 
larged at the expense of the others; yet the inclinations 
of the corresponding faces in this nnd the regular hexa- 
gonal pyramids will be found to be the same in both. 

In order to ascertftin the measure of these nnglee, and 
thus establish the identity of a species, an instrument 
called a GEoniometer* is employed. There are several 
kinds, but that invented by Dr. Woliaslon is generally 
used, being eimple in ite construction, nnd ensy of appli- 
cation. It consists, Fig. 20, of a graduated circle a b, 
placed vertically, the nxis being hollow, in order to en- 
close an interior one supporting a movable apparatus c, 
■which is turned by means of the small circle b. In order 
to make use of it, the large circle, which is divided twice 
into 180 degrees, must be placed at aoro (or 180^, and 
the crystal attached with a little wax to a small plate a, so 
that the edge may he horizontal, nnd as nearly as possible 
in aline with the axis of the circle. 

Place the instrument on a firm table before an open 
' Rvm t\m Orock words— ffonia, ao angt'', nnd hi 
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window, from which the borizonlal lioea of Homo buildiag 
maybe clearly seen, such as the ridge of tlie roof, the 
rail of a balcony, &c. ; let the plane of tlio circle bo also, 




as nearly as possible, perpendicular to tho plane of the 
building 80 viewed. 

Placing the eye then very near, and somewhat above 
the crystal, the inner axis is to be gently tnmed, until 
the reflection of one of these lines (the higher onee aro 
generally the best for the piirpoae) is distinctly seen, by 
reflection, on the upper face of the crystal ; and tliie 
movement ie to be continued until the reflection appears 
to coincide with eome other hori^ontai line, seen by direct 
vision ; such as the lower edge of llio opon window, or 
tho edge of the table. If those two lines correspond 
exoctly, the face of the crystal is placed horizontally ; if 
not. its position mnat be gently altered by means of the 
jointed apparatus which supports it, or % tatma^ iCa^ 
circle d. The same of>eration is to \iQ repealed. •s'v^ii.CQB 
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iecond fnce ; and if ita poeition requires to be correcteil, 
the first face niuBt be re-exnmined, leat its horiaontality 
flbould have been deranged. 

Supposing the crystal to be now perfectly adjusted, and 
the reflected lino on the first face Drought fo coincide with 
n lower oue, the great circle must be turned by iceana of 
e (tlie crystal being turned by the same motion) nntil the 
same distant line is reflected in the second face, and brought 
to correapond with the same lower line. 

We shall find the value of the angle Bought indicated 
on the graduated circle, which has turned through the 
Bpace of the siipplementarff angle; hat being graduated 
ill a contrary direction, the true angle is read ofi. 

It will generally be found that the faces of Email crya- 
tals are more perfectly even than those of large onea ; 
they are therefore, in every respect, belter adapted for 
examination by the reflecting goniometer. But even in 
those which appear the most perfect, a comparison of the 
angles of several 'crystals shows that they sometimea differ 
to a very wniall exlenl, in consequence of alight depresaiona 
or elevations on their anrfaccs. But in a great number of 
Eiibstances their natural sirncture affords us the means of 
ascertaining the atiglca of the primary form with the 
greatest precision. 

Thifl structure, which ia inherent in their nature, de- 
pending on the arrangement of the minute particles of 
which they consist, becomes perceptible by the manner 
Jn which they divide or split when we break them. A 
slight blow on a piece of ealcspar will separate it into 
fr»gmonta which are either rhombohedrons or parallel- 
epipeds, of which the faces meet at the aame angles na the 
planes of the rhombobedron ; this aolid is therefore, from 
it^ symmetry, considered to be the priraarj- form of ita 
crystals. 

If the blow be too shght to shatter the specimen, it 

will often produce internal fissures, which are distinctly 

Boen, in consequence of the light they reflect, to be plane 

■nrfaeea parallel to the external onea: these are called 

j^oftei ^c&atfiffe ; and calcapar is capable of ibis kind of 



IMPSRFECT ORTSTALLINE FORMS. 37 

diyision in tliree directions, with equal facility. Sulphate 
of baryta, also, has three deavages, which are parallel to the 
£EK;eB of a right rhombic prism. In this case also, the 
regular solid obtained by cleavage is considered to be the 
primary form of the species, though in the latter instance, 
the same crystals might be derived from (or referred to) a 
right prism with a rectangular base. 

It will be evident then, that the observation of crystalline 
structure, where it exists, is of the greatest importance in 
mineralogy, not only as showing the relation between 
forms the most dissimilar, but as affording ready proof of 
the identity of a species, in circumstances where it would 
otherwise be extremely difficult to distinguish it ; when, 
for instance, it is disseminated in minute portions through 
some other mineral : felspar, diallage, and some other sub- 
stances frequently occur in such a situation. 

Some minerals, however, may be cleaved with much 
greater ease in one or in two directions than in the third. 
Some readily yield to cleavage in one direction only, as 
in the case of mica and selenite. 

Besides the regular and perfect crystallizations of mine- 
rals, of which we have given an outline, the aggregation 
of crystals, more or less perfect, gives rise to numerous 
configurations, some of which are peculiar to certain species. 
In some, the crystals are grouped into spheroidal masses, 
the edges or points of the crystals appearing on the ex- 
terior of the mass, as in blue carbonate of copper, iron 
pyrites, (fee. 

The slender prisms in which many substances crystallize 
are often compressed together lengthwise, and form cylin- 
droidal or bacillar groups; the crystals, even on the exterior, 
being always deformed and their edges rounded. 

The branched and leafy forms and moss-like aggre- 
gations, so frequently met with in some of the native 
metals, consist of more or less perfect crystals. When the 
crystals are very minute and the branches of a more even 
thickness, they present the form of coral. 

The stalactites which so often occur m (iv^^Wi^, vt- 
regularly conical or cyiindrical in theiv foim, o\ v\\^\\^s?Cvkw^ 
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tLeir walls, are produced by the deposition of mintita 
particles, generally calcareoas, from water which percolates 
through their roof or sides. When a small quantity of 
moisture arrives at the inner surface of the roof, before a 
drop is formed sufficiently large to fall by its own weig-Jit, 
n portion of it evaporates, and a ring-shaped film of solid 
matter is left adhering to the rook. Every succeeding 
drop increases the thickness of this film, until at length a 
slender tube is formed, which is constantly increased in 
thickness as well as length. In general the interior is 
([uickly filled np, and becomes perfectly solid ; but some- 
times the stalactites are hollow throughout n great part of 
tlieir length. When the water drops more rapidly, a 
portion of it falls on the floor of the cave, depositing there 
solid particles, which aceiimulate and produce masses 
resembling moss, fungi, and cauliflowers, which are somo- 
liuies called stalagmites. 

Minorala, also, which do not crystallize, often assimie 
definite forms externally, which are characteristic and de- 
serving of attention. In some the surface consists of 
portions of spheres of different dimensions : when these 
are small, soniewbat resembling a bunch of grapes closely 
pressed together, the mass is termed hotryoidal )* when 
the globular surfaces are of larger dimensionH, it is said to 
be mammilliited ;j chnJcedony and malachite are good 
examples of liiese forms: and the codulos of iron 
pyrites, which exhibit a similar suifacti on a smaller 
eeale, are called reniform.X 

We have already remarked that in iiiauy aubstniices 
which crystallize, their regular or laminated structure be- 
comes visible on breaking them ; hut minerals which do 
not yield to cleavage in any direction, or with difficulty 
and uncertainty, break into indeterminate fragments; 
their form varying with the texture of the mineral. In 
those which are crystalline and may be termed vitreoas, 
as quartz and beryl, the fracture of the broken part is 
said to be eonchoidal, a form which is illustrated in the 
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fragments of glass ; a still better example of the conchoidal 
fracture is to be found in breaking a large flint pebble ; 
the texture of flint is compact and even, and all minerals 
possessing the same kind of structure or texture break in 
a similar manner. 

In others, which are less hard and compact, tlie fracture 
will be uneven or earthy. The native metals, if they do 
not afford cleavages, have a hackly fracture, which may be 
observed on breaking a piece of thick wire, or plate of metal. 

The fibrous structure common to many species, arising 
from an aggregation of delicate prisms, sometimes parallel, 
sometimes divergent or radiated, is also evident in the 
appearance of the fracture. Hence the fresh fracture of a 
mineral makes us somewhat acquainted with its structure, 
and should always be remarked. 

The first test which is usually applied for the distinction 
of minerals is their capability of being scratched by other 
bodies, or in other words, their hardness. For this pur- 
pose the mineral is subjected to the action of certain 
substances which represent a scale of hardness, as in- 
dicated in the following list. The degree of hardness is 
indicated by the mineral standing against each : — 

1 Talc (laminated variety). 

2 Gypsum (crystallized variety). 

3 Calcspar (transparent). 

4 Fluor Spar (crystallized). 

5 Apatite (transparent). 

6 Orthoclase (crystallized). 

7 Quartz (transparent). 

8 Topaz (transparent). 

9 Sapphire (cleavable). 
10 Diamond. 

In crystals the hardness is not quite the same on all the 
faces, and may even differ according as the point is 
drawn in one direction or the opposite. Thus in the case 
of rhombohedrons of Iceland spar a pin will easily scratch 
it when drawn in one direction along the o\A\c\>3i^ ^x^.'^^-vi^, 
but scarcelj any jwpreBBion is made wlveiv \\. \^ ^\v«\jl vkw 
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the oppoBite direction. For moat purposes a rough appli- 
oatinn of (ho toat is quite Bufficicnt ; but there are oases 
(anoh as in Btiidying the variations of hardnesB which the 
same crystal may undergo), in which a more delicate 
method of estimating this property is requirud. la the 
following deacriptiona of minerals the hardness given in 
that ohtained by the rough method. 

There are other properties which, like the last, depend 
more or less upon, cohesion, such s& tenacity, friahiiiti/, 
flexihilit!/, daeiicity, ductility, &c. Tenacity is quite dis- 
tinct from hardness, and ia much the same as what is 
frequently called toughness ; it is the power which the 
particles have of holding together when subjected to a 
tensile, or stretching strain. Mineralogists usually apply 
the term to the power of resisting a percussive force, sucb 
as the blow of a hammer, &c. When a mineral readily 
yields to such a force it is fragile ; when it is easily 
crumbled down between the fingers it \sfriahh. Flexi- 
bility is the power of being bent, or having the form 
altered without breaking, and minerals possessing it may 
be either elastic, as when they regain their original form, 
or inelastic when they retain their altered condition — mica 
is remarkably elastic and flexible, while talc ia flexible buf 
not elastic. 

The optical properties of minerals afford to the philo- 
sopher an exceedingly delicate means of detecting minute 
differences in the molecular constitution of substances, 
hut, inasmuch as the explanation of the phenomena ob- 
served depends upon events, of which it is very difficult to 
form a clear idea, mention will be made of those on'y 
which are moat easily undoratood. It is assumed th 
light ia the result produced by the rapid undulations ol 
an exceedingly rare and perfectly elastic gas-like medium. 
This medium is called the ether, and ia Bu]>pOBed to per- 
meate all apace not occupied by other matter, includin 
even the intervals between the ultimate molecules of pon 
derable bodies. Tlie only evidence that there ia such 
mcdiom ia that, assuming it to exist, not only can most oi 
I tbo phenomena ofUgUt he fully explained, bnt the resuito 
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that will follow under given conditions may frequently be 
foretold. Ether, then, may be regarded as matter in 
its highest state of tenuity, inconceivably light, and 
inert in all properties but elasticity. In accordance with 
this, the particlez of the ether will be alluded to, but the 
reader must look upon them as being more like the point 
of the mathematician (which has no magnitude but position 
only) than the actual particles of gross matter. By elas- 
ticity is meant the power which a body has of regaining 
its original bulk when the comprcssmg force is removed. 
An impulsive force is the same as a compressive force 
acting for a short time. A compressing force acts directly 
on a large mass, but an impulsive force acts directly only 
on a small mass, or on a single particle, if the time during 
which it acts is sufficiently short. Sup- j 

pose, then, a medium composed of par- 
ticles equally distant from one another, 

and perfectly balanced as regards force, 

as in Fig. 21. If a forward impulsive •!>••« -3 • 
force be given to a in the first row, it * 

wiU bound forward and strike against h in the second, and 
impart to h nearly all the force it received. The amount 
which it does not impart depends upon the force required 
to be overcome in pushing a nearer the particles in the 
second row, and farther from those in the first ; in other 
words, upon the repulsive power or tenuity of the 
medium. Whem a and h are in contact they will exercise 
a double repulsive force on o and n, driving them out- 
wards, while p and q will come nearer together ; when a 
recoils, p and q will be driven outwards. There will 
result ^hen, first, a series of backward and forward move- 
ments in the particles along the line a, &, c, d, modified 
and accompanied by lateral vibrations in the particles of 
each row. Each row takes up the vibration in succession, 
and, therefore, a number of rows will be in different states 
at the same moment, such as may be represented by Fig. 
22, which shows a complete vibration to and fro, or a 
complete wave. 

When the impubive force is imparted \>y Ta5\3L VsisXA- 
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mcnts the Uterni vibrfitions nrc quick and the length of the 
wave JH short. Ou the other hand, the undulations nre 
Blower and the wavoa longer in proportion aa the impulsive 
force is repeated more slowly, Iii either case the velocity 
of the wave is the same, provided 
the medium retaina its density un- 

altered. In the above illustration 

. attention was confined to a single 

point, and to motion in a single direc- 

tion ; but in light initial force ia de- 

veloped in centres, and the motion 

spreads in concentric spheres. Hence 

a line of light sprending outwards 

from a centre is appropriately called 

'. '. ', '. '. &ray. When a ray passes through 
Fig. E2. Buhatancea its rate is retarded accord- 

ing as they are more or leaa dense, 
that is, its velocity is more or iesa decreased. This is 
usually attributed, not to the density of the substances 
themselves, but to the greater density of the ether, by 
which they are permeated. When the ray impinges at 
right angles to the surfaces of a transparent body it does 
not deviate from its course; but should it impinge on 
either of them obliquely, it ia bent aside or refracted. If 
the substance is physically homogeneous, the refraction 
is simple, nnd its amount is proportional to the decrease in 
the velocity of the light, and is generally indicated by 
the ratio between tlie sines of the incident and refracting 
angles. This ratio, called the index of refraction^ is 
generally constant in the same substance at a given tem- 
perature, and different in different substances, so that it 
may frequently be used as a distinguishing eli.iracter in 
transparent chemically pure substances. If, however, 
there is any impurity the ratio is altered, so that it is of 
comparatively little use to the mineralogist, who has to 
distinguish between substanoes which are always more 
or less impure. All bodies which are amorphous or 
which form crystals belonging to the regular system 
^iig\y refi'flcting. 
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When tho ray of light passes through substances which 
are not physically homogeneous, it undergoes modifica- 
tions in direction depending upon the structure. Tims in 
all crystals not belonging to the regular system the ray 
is divided into two, of which one is called the ordinary 
and the other the extraordinary. Hence it is that when 
objects are looked at through such crystals, transparent 
calcspar for instance, they appear to be doubled. Tho 
rays traverse the crystal in different directions and at 
diflferent rates. In most such crystals, however, there is 
one or a few directions in which the light may pass through 
without being split up, or doubly refracted. These direc- 
tions or planes are ciJled optic axes, the number of which 
has a close connection with the crystalline form of the 
mineral. 

Thus there is one direction in which a line (or any 
other object) may be viewed through calcspar, without 
appearing double ; this is in tho direction of tho axis of 
the rhombohedron. If the two summits of a rhombohe- 
dron, or the bases of an hexagonal prism be polished, on 
placing it over a dot, and the eye immediately above it, 
we shall see but one image of it. 

In the crystals also, which are referable to a square 
prism, no double refraction is perceptible in tho direction 
of their axis : in both cases it is called the axis of double 
refraction. 

In crystals where this kind of symmetry does not exist, 
as when they are derived from prisms that are oblique, 
or have not a square base, there are two axes of double 
refraction, or two directions only, in which a single image 
will be perceived. 

The property of double refraction may therefore be 
valuable in assisting us to distinguish minerals, which at 
first sight appear to resemble each other, if, being cut 
and polished, or in irregular fragments, we have no indi- 
cation of their external form. A fragment of red topaz, 
for instance, will refract doubly : on« of spinel ruby, the 
crystals being octahedral, will not. 

But as the amount of double refractVoiv \»/\w Tc^a^V* 
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substances, very smaSi compared with that of calcspar, it 
ia eeldoia possible to discover, by merely looking tlirougb 
them nt n line or dot, whether they really possoss this 
property ; besidea the difficulty there may be of obtaining 
transparent ftagments of sufficient size to be cut in different 
directions. A simple experiment, however, with polarized 
light, will determine the point. 

Light may be polarized by several different methods ; 
na, by reflection nt a certain angle, from n polished Borfacc ; 
by transmiaaion through plates of tourmaline, &c. For 
the mineraJogiet, two thiu plates of tliis substance, cut 
parallel to the axis of the crystal, afford the most con- 
venient apparatus. They are to bo fixed, each in the 
Bperture of a short tube of wood or brass, of such dimen- 
aions that one shall be capable of turning within the other. 
On looking through the two plates, placed with their axes 
parallel, we shall see, ns in any similar case, the brown or 
green colour of the tourmaline ; but if one of them be 
turned, so that its axis shall be at righl angles to that of 
the other (their planes being still parallel), the light will 
be wholly, or almost entirely, intercepted. On introducing 
botvieen them a fragment or plate of the mineral under 
investigation, if it do not possess the property of d(]uble 
refraction, no change will take place ; but if it refract 
doubly, light will be viaible, and in a very singular man- 
ner : a number of concentric coloured rings will be seen, 
intersected by a black cross. On turning either plate of 
tourmaline one quadrant of the circle, the appearance will 
still bo the same ; as rIso when it has described half or 
three quarters of a revolution ; but at all the four inter- 
mediate points, a white croaa will take the place of the 
black one, and the coloured rings will occupy the dark 
spaces that intervened between those of the former set, 
Figs. 23 and 24. 

If the mineral have but one axis of double refraction, 
and the plate be cut perpendicularly to it, the rings will 
be circular; if obliquely, they will be elliptic. 

But if the crystal belong to any of those aeries which 
hdioite lico axes of double refraction, there will bo two 
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adjoining ayatema of coloured riuga, traversed by a block 
cn»s. Fig. 25 ; and on tHrning one of the plates of tonr- 
maline bo u to produce tbs complementary syBtem of 




riuga, tbey will bave the appearEince represented in Fig. 
2S. Uacy other phenomena presented by minerals, 
when viewed with poUrieed light, are extremely cnriona 
and boantiful, but they are far too numerous to be detailed 
here. 

The character of transparency exists in variona degreea 
in minerals : some are perfectly franiparenf (and when 
colonrleas alao, are said to be limpid) ; others, which allow 
objects to be indistinctly seen through them, are temi-trant- 
parent : when they transmit only a little light tbey are 
said to be tramlvcent. Some are translucent only on 
the thin edgea of fragments; others are qaite opnque. 
But it should he observed whether opacity is really n 
character of the species, or whether it ia caused by the 
intermixture of some foreign matter. Opacity is some- 
times also the consequence of decompowlion, loss of 
water, &o, 

"With regard to the brilliancy of minerals, there are 
several kinds of lustre which are very distinct from 
each other : for instance, some have a metallic lustre, 
others a intreom or glatey lustre ; others, again, cither 
from the nature of their texture or structure, exhibit an 
ixdamafUine, oUy, renn&M, waxy, "pearly, or nlky lustre.* 

* Thapaaiy lostre which is oJten to be observed on tho baaes of 
prisnwtio oTTBbda, appears to be the result o(al&miii&Wi«^x<u&'as«\ 
ami tie nlky loslie, of a £broD3 stnictuie. 
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Many snbstanceB, being of an earthy texture, are witli- 
out lustre, or quite dull; iu others, according to their 
defH'ee of compactness, we find ssveral degrees and varie- 
ties of lastre in various parts of the same mass. There 
is also a l^iud uf lustre peculiar to some minerala, denomi- 
nated «Hw'-me(a?iic ; it is very commonly found in mien, 
aa well as in some metallic ores. 

The degrees of lustre should also be remarked ; the 
highest degree, iplendent, is applied almost exclusively 
to the diamond and white carbonate of lead, which from 
their very high refractive power have a greater brilliancy 
than any other snbstance. 

Many crystals are brilliant ; others are shining, glistening, 
or glimmering : and theaetermsapply also to the appearance 
of the fracture, which should always be observed when re- 
cently made, and before it loses the form and lustre that 
are peculiar lo it. Some minerals which are soft, and 
have little or no lustre, become shining when scratched 
by a sharp point. 

The colonra of minerals are either essential to them, 
as in the sulphides, oxides, and ociiliflirouB compounds of 
most melala, and in those species of which they are eBsen- 
tial constituents ; or they are the effect of a casual inter- 
mixture of these substances in species which, when 
pure, are naturally colourless. Of the latter sort are 
the colours of felspar, calcspar, rock salt, marble, and 
Jasper, in which the various tiats of red and yellow are 
generally due to the oxide and hydrouo-oxide of iron. 
Other miuerala derive a hrillinat green colour, some from 
carbonate of copper, others from the oxide of nickel or of 
chrome. In speeiea of which the colour ia a permanent 
character, its intensity is often bo far vsried by a difference 
of texture or a confused crystallization, that red, brown, 
and greeu substances appear, in a mass, to bo black : 
but on being pulverised, their true colour will he seen ; it 
is therefore advisable, in describing a mineral, to atnte what 
its colour is when reduced to powder, 

Tiio intermixtures of colouring matter, which are 
merely mechanical, ronder a mineral more or less opaque ; 
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thuS; the red and yellow jasper, already mentioned, are 
chalcedony (which when pure is highly translucent, or 
even semi-transparent), coloured by minute particles of 
oxide of iron, which are themselves opaque. But 
colours, which, though they may not be essential to a 
species, are the result of chemical combination, do not 
impair its transparency : such is the violet tint of amethyst, 
which is derived from a minute portion of the oxide of 
manganese combined with the quartz ; and the green of 
the emerald, which may in some cases be due to oxide of 
chrome. 

In consequence of the variable quantity of colouring 
matter, whether chemically combined or otherwise, many 
substances present various tints and shades of colour ; so 
that we particularise them as blood-red, flesh-red, chestnut- 
brown, lemon-yellow, sky-blue, &c. 

Accidental colours, being unequally distributed, often 
produce parallel bands, either straight or curved, and 
clouded forms, as in agates : sometimes the colour takes the 
form of leaves and moss, or runs through the mass in 
veins, as in marble. 

There are still other colours, which are neither essen- 
tial to minerals, nor yet produced by intermixture. Some, 
as the sulphide of antimony, exhibit a brilliant superficial 
tarnish, in which the prismatic colours are regularly ar- 
ranged. In transparent substances, prismatic colours are 
perceived in the interior, and arise from minute cracks or 
fissures containing films or particles of air: these are 
often movable by a slight pressure. 

A very curious peculiarity of colour called polychroism* 
is connected with the phenomenon of double refraction. 
Some minerals, placed between the eye and the light, 
transmit diflferent colours in different directions : tourma- 
lines, viewed parallel to their axis, are generally opaque • 
perpendicularly to it, they appear to be green, red, brown, 
(fee. This difference is not observable in all doubly 
refracting substances ; but in some which have two ai^^^ 
of double refraction three different tints "have \i^^xs. ^« 
♦ From two Greek woids-^poltis, many, aT\A chroa, cKAova. 
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aerved. Minerals eryBtaUiamg in the cubic system never 
transmit more than one colour, if their compoeition nnd 
texture be bomogoneouH throughout. 

In Bome minerals, n peculiar light ia produced cither 
hy friction or by heating them, whicli is called plios- 
phoreicence. On rubbing together two fragments or peb- 
bles of quartz, n faint greeniarli light will be perceived r the 
same effect can be produced with certain marbles. Other 
BubatanceB, when placed on a heated shovel, emit a brilliant 
phoBphoreacence, which in some ia green ; in others, pale 
violet. The beat mode of conducting thia experiment, if 
the specimea is powdered, or in small fragments, ia tj 
strew it on a shovel heated nearly to rcdneas : but if it 
be an incli or two ia length, it is better to heat it 
slowly, and not beyond the neceaanry degree ; by which 
means the operation may be frequently repeated withont 
injuring it. 

The property of taste is confined to aolnhle minerals, of 
which some are aitringent, as the sulphate of iron ; a few 
alkaline, as carbonate of soda ; others, hitler, na Epaom 
salt; or sour, as the sulphuric acid which occurs among 
recent volcanic products : n few- na sal ammoniac, are 
pungent. 

There are very few minerals which exhale any odour. 
unleae by the application of heat or moisture. The bitu- 
minoua odour is generally perceptible in the varieties of 
bitumen, and the inflammable substances which contain 
it; and thia becomes stronger when they are heated. 
The powerful smell of anlphnrous acid, which is known 
to most peraona, is immediately perceived when sulphur 
and its compounds are exposed to heat ; and by the same 
means the odour of arsenic becomes evident: it has a 
great resemblance to that of garlic. Friction is in many 
cases BufBcient to produce this effect, as in certain bitu- 
minous limeatones. 

On the other hand, many auhstancea when breathed on, 
or otherwise exposed to a alight degree of raoiature, give 
off an odour which, from being atrongly perceptible 
l-Jtie)g of chy, is called the argillneooua odoi 
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All minerals are more or less sasceptible of beeoming 
electric, either by friction, hy pressure, or by heat ; in some, 
this property may be excited by all these meUiods. A 
topaz, a tourmaline, and a number of other minerals, 
when rubbed on a piece of woollen 
cloth, will, like a stick of sealing-wax or 
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glass rod (so excited), attract small 
light bits of cotton or thin paper. But 
the metals, and those ores which ap- 
proach to a metallic state, being con- 
ductors of electricity, this result cannot 
be obtained unless they are previously 
insulated, by placing them on a support 
of glass, or some other non-conducting 
substance. A very small piece of gilt 
paper attached by a silk thread to a ^jg. 27. 

bent glass rod forms a simple apparatus 
which will exhibit the electricity a mineral has thus 
acquired : on approaching it to the gilt paper it will 
immediately affect it. The specimen, also, should be 
suspended by a silk thread, or held in a pair of pincers * 
having a glass handle. 

The substances which become electric by heat, such as 
tourmaline and topaz, usually exhibit electric poles : that 
is to say, one end of the crystal becomes positively, the 
other negatively, electric. This may be ascertained by 
previously communicating to the gilt paper either kind 
of electricity. For instance, when the crystal is heated, 
let the gilt paper be touched by a stick of sealing-wax 
that has been well rubbed : if the crystal, on approaching 
the apparatus, repels the paper, that end is also nega- 
tively electric, and it will be found that the other end 
attracts it, and is therefore positively electric. The 
crystals which acquire electric poles by heat have another 
peculiarity : namely, that their opposite extremities are 
differently modified: tourmalines are sometimes termi- 

♦ The latter plan is objectionable if we wish to ascertain whether 
the substance is capable of becoming electric by simple etx^vvo^Xft 
heat^ because many which are not so become electdo \>7 ^x^^'vsx^« 
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nated at one end by three, at the other by hix or nine 
planes, This ia yet more elriking^ in the subBtancea 
whoae cryetala are cubes modified on the alternate solid 
angles. 

However curioaa we may consider the electric pheno- 
mena of mineralfl, they appear to be manifested with too 
much nncertainty to form a distinguishing character. 
Different crystals of the same aubatanoe will acquire, 
some negative, others positive electricity, according aa 
they are tranaparent or otherwise ; in general, transparent 
cryataU with bright polished facea become positively 
electric, and such as are not limpid, or have a roagh ex- 
terior, become negatively electric. 

The only mineral which ia capable of becoming a 
magnet, or loadstone, ia magnetite .- this mineral alone 
exhibits the magnetic poles; hut many iron ores, and 
oven many other aubstancea which contain a large pro- 
portion of iron, not too highly oxidised, will attract the 
magnetic needle perceptibly. TJie raetala cobalt and 
«ic!xl liiiewise possess this property, but less power- 
fully. 

With regard to the chemical examination of minetala, 
there are two modes of operation, called the moist and the 
dry ; in the former they are dissolved either in water, or, if 
that is not posaihle, in aome acid ; in the latter they are ex- 
posed to groat heat by means of a hlowpipe. For the 
mineralogist this mode of operation ia by far the moat 
convenient, both becauao the reaults are quickly obtained, 
and because very little apparatus ia necessary ; he requires, 
for his furnace only a lamp or candle, some strips of 
platinum foil, and a pair of pincers with tips of the same 
metal, for supporting the spacimena to be assayed ; or, in 
some cases, a piece of well-burnt and solid charcoal; and 
a few aninll bottles containing fiusei. 

The blowpipe, in its simplest form, is a bent tube, nine 
or ten inches long ; at one extremity tapering to a ftno 
point. It ia used to direct and concentrate a flame, by 
supplying to it a constant stream of air in one direo- 
tioOj the small end being placed just within the Bame, 
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and the air being furnished by the operator blowing 
through it. 

Some difficulty may be experienced, 
at first, in producing an equal and 
uninterrupted stream of air and a 
steady flame : it can only be effected 
by supplying the air, not immediately 
from the lungs, but from the mouth, 
at from a reservoir, which must not 
be allowed to become exhausted; 
otherwise, the experiment will be in- 
cessantly impeded by the necessary 
act of respiration. 

Some blowpipes have a cylindrical 
or globular cavity, in which the 
moisture of the breath is condensed 
and retained ; * it might otherwise be 
carried by the draught into the flame, and would inter- 
fere with the experiment. 

A silver tube is the best, as not liable to corrosion ; 
brass communicates an unpleasant smell to the fingers ; 
but a cheaper instrument may be made of tinned iron, the 
cavity being square and placed at the bend. In all cases, 
however, the tip should be of platinum and removable, 
that it may be cleansed if necessary, in acid, or by heating 
it to redness. 

A small lamp, fed either with oil or melted tallow, will 
furnish a good flame for the exercise of the blowpipe ; but 
a candle with a large wick may be used, and, in travelling, 
is perhaps the most convenient. 

When the student can produce a steady flame with this 
instrument, he will find that it consists of a cone of yellow 
light, enclosing a blue one. The heat is most intense at 
the extremity of the blue flame ; this is called the reducing 
flame, because it de-oxidises, wholly or in part, the sub- 
stances that are exposed to it, and it is capable of melting 
a great number that are not fusible in the outer one. The 
latter is called the oxiduing flame, because, as it do^% ^^^ 
♦ This cayity is made in two parts and unscxeNT^ txV. a% 
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endrely prevent the contact of the air, it permits the snh- 
j'ect of experiment to become oxidised. 

In the inner flame, some of the metallic oxides are te- 
tluced to the metallic etate ; and their reduction is assisted 
by placing them on a piece of charcoal bb a Bupport, 
because it absorbs the oxygen from them when heated. 
For this purpose, a small hollow must be scraped in the 
charcoal, and the mineral (previously crushed or powdered) 
fixed in it with a little wax or tallow, which will prevent it 
from being displaced on exposure to the draught of air, 
and will itself quickly burn away. 

A quantity, varying from the size of a mustard seed to 
that of a peppercoru, is ample for most experiments. 
Sulphides, when heated, give off the odour of sulphurous 
acid, and after some time they are generally reduced to 
the metallic state. When arsenic is combined with them, 
the smell of garlic will be perceived ; and the few which 
contain selenium afford a pungent odour like that of 
horseradish. 

Some minerals, both earthy and metallic, are fusible by 
the blowpipe without addition : hut many others cannot 
be melted unless mixed with some alkaline or saline sub- 
stance, with which they fuse into a glass, more or less 
transparent, or & kind of enamel : these' salts are called 
Jlvccet : carbonate of soda, borax, and salt of phosphorus, 
are most commonly used, and they may generally be placed 
with the subject under examination on a slip of platinum 
foil. In some cnses, the glass produced by fusion is colour- 
less, containing small globules of the reduced metal ; in 
olhera, it receives from the mefal a colour which is peculiar 
to it : thus, the ores of cobalt melted with borax (or com- 
mon glass) will always produce a fine clear blue colour ; 
those of manganese, a rich purple like that of the amethyst. 
It must be remarked, however, that the same metallic 
oxide will produce difierent colours with different fluxes, 
or in the two flames ; and therefore, if the result of oue 
experiment should not be satisfactory, it may often be 
verified by a second. The annexed table, showing the 
results obtained by subjecting several oxides to tbe action 
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of the blowpipe, with different fluxes, will be found 
osefdl for reference. (See p. 60.) 

When a mineral is heated in a closed glass tube, by 
directing the flame against and beneath it, if it contain 
water, it will be volatilized, and condensed on the upper 
surface. If fluorine be one of the components, the glass 
may be corroded by it : but this gas is not always dis- 
engaged without fusion with salt of phosphorus. 

As it is not possible in this introduction to detail most 
of the experiments for examining minerals by solution, 
we will observe. First, that effervescence on tiie appli- 
cation of an acid generally indicates a carbonate : in all 
carbonates of lime the effervescence is very brisk, but 
in some other species it is scarcely perceptible without 
the assistance of heat. Secondly, that some minerals 
that do not effervesce, when dissolved in acids, are con- 
verted into a gelatinous substance ; this is the case par- 
ticularly with some siliceous minerals that contain a 
portion of alkali : heat is often necessary to accomplish 
this change, and the acid employed should be strong ; 
but to produce effervescence, the acid should be diluted 
with water. 

The issue of a new edition of this volume affords an 
opi>ortunity of adding a few remarks. 

The spedfic gravity of minerals is still usually obtained 
by means of weighings in water and in air, but this 
method is often impracticable or tedious when different 
mineral species are intimately intermixed in small pieces 
or grains. In these cases the use of fluids of high specific 
gravity has been extensively adopted. These can bo 
regulated to considerable nicety, and the most finely 
powdered minerals can be sorted off, according to their 
specific gravities, with great accuracy. As yet the fluids 
employed are of such a character that they can only be 
safely or conveniently used in chemical laboratories. 
The most generally known is Sonnstadt's solution, which 
consists of iodide of mercury dissolved in a solution of 
iodide of potassium. It can be made oi ^ ^"^^^o^ 
gravities fivm 3 or thereabouts and undeT \>^ SSoai&sv.^ 
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it with water. On board ships, and in places where 
delicate balances cannot be used, this method is very 
useful. 

Optical research has been developed to a high degree, 
and much new light has thereby been thrown on the 
minute crystalline sttuctui-e of minerals. Thus many 
minerals present what appear to be optical properties 
of an anomalous character. Such anomalies are aaeribed 
by some to isometric crystals being built up by the 
symmetrical twining or grouping of crystals which are 
themselves not isometric ; to the crystals belonging in 
appearance to one system being compounded of smaller 
crysttds belonging to another system ; or to internal 
tension of crystals whereby the rays of light are caused 
to take a somewhat different path than they would do in 
crystals of uniform tension throughout, None of these 
views apply to all cases ; but each is true in some 
cases. The last supposition, however, seems to have 
most evidence in its favour, and is strongly supported 
by the fact that when gelatine is cast in moulds under 
pressure, it acts in the same way on light as certain 
minerals do ; as for instance, analeime, boracite, and 
many others. Klein shows that in boracite the outer 
part of pure crystals is different optically from the inner 
in such a way that unequal tension ia the most satis- 
factory explanation that has as yet been proposed. 

The index of refraction is so distinctive a feature of 
minerals, that even a hundred years ago a French 
writer suggested it as a means of recognising minerals; 
but his suggestions bore no fruit, owing to the want 
of a method for practically applying it with accuracy 
and convenience. This defect has now been supplied 
by the simple apparatus devised by Mr. Sorby, and 
which can be adapted to any ordinary microscope. By 
this apparatus the refractive qualities of any trans- 
parent mineral can be readily distinguished and accu- 
rately measured even when the fragments are small 
and imbedded in other minerals in the midst of a rock. 
Thus, in the case of minerals with one or more axes of 
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refiraction, the measurement of the index of refraction 
is obtained by the varying focal length between the 
object glass and the surface of the mineral. This 
length is increased in proportion to the greater refrac- 
tiye power of the substance imder examination. In 
doubly refracting substances, the ordinary and extra- 
ordinary rays behave differently, producing images of 
differing shapes, visible only when the light traverses 
the substances in definite directions, and are seen at 
different focal distances. Special physical peculiarities 
are thus made manifest, whereby the smallest fragment 
of many minerals can be identified. There appears to 
be so dose a connection between the refractive indices 
and the chemical composition of minerals, that these 
cbaracters promise to be of high importance in mine- 
ralogy, and to be valuable adjuncts to the data ob- 
tained by the help of the polariscope and polarized 
light. 

Oolonel Boss has introduced many improvements and 
new processes in blowpipe manipulation. Thus, his 
aluminium plate is a useful substitute for charcoal as a 
support. It costs little, lasts long, is clean and por- 
table ; while owing to its withdrawing the heat away 
from the assay and retaining its whiteness, the cha- 
racter of the sublimates is more easily distinguished in 
many cases, and in some a sublimate is evident, 
although on charcoal none can be seen. 

The analysis and testing of minerals in the wet way 
in solutions has generally been conducted with the 
stronger mineral acids. Owing to their corrosive cha- 
racter and liquid form, much inconvenience attends 
their use, and the difficulties attending their transpor- 
tation for use in the field or in journeys has prevented 
their employment, and compelled the observer to have 
recourse to the blowpipe. It is found that the com- 
moner organic acids, such as acetic, oxalic, tartaric, and 
citric acids, will serve almost as well as the mineral 
adds, and Professor Bolton has worked om^. ^ ^-^^X.^- 
matic method of investigation which, cau \^^ ^^^^ 
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applied. Aa dtric acid baa the strongest action ho relitjs 
chiefly on the use of it alone. The solid add is dia- 
Bolved in cold water until a saturated solution is pro- 
dured. The minerals are piilverized, freed from impu- 
rities, and treated with the reagents both hot and cold 
in test-tubes. As nitrate of potaasiimi, iodide of potas- 
sium, fuid fluoride of ammonium, are decomposed by 
citric add, liberating nitric acid, hydriodio add, and 
hydrofluoric acids, these adds can be brought into 
play to decompose those minerals which dtric add alone 
Trill not act upon. The test with hydrofluoric add is 
not suitable for field work, since tests with it should be 
made in platinum vessels. 

The carbonates oflTerveace readily with the organic 
acids. In some cases dtric add is not the best to iise. 
Thus oxalic acid forms characteristic compounds with the 
bases. Calcareoua spar is decomposed by it, and an 
amorphous precipitate of powdery oxalate of lime is 
formed ; with wilherite beautifully feathered crystals of 
oxalate of baryta appear ; siderite yields a pale yellow 
granular protoxalate of iron ; and cerussite a predpitate 
of oxalate of lead. 

The foUowing lists, derived from the table, given by 
Professor Bolton, will show the most maried charac- 
teristics of the action of dtric add on minerals, accoi-d- 
ing to different conditions. The cold saturated solution 
of citric acid will decompose the following without 
evolution of gas : — Clausthalite, leucopyrite, atacamite, 
brudte, p3T\>morphite, mimetite, triphyhte, triplitc, 
vivianite, libethenite, olivenite, pseudomalachite, wavel- 
lite, pharmacosiderite, torbennite, autunite, crypto- 
morphite, anglesite, and broehantite. On boUing, the 
following are also decomposed without any gas being 
evolved, viz., cuprite, zindte, malaeonite, goethite, 
limonite, allanite, apatite, wolframite, wuifeuits, cro- 
ooisite, and gypsum. 

Minerals decomposed by the cold solution, with hbera- 
tion of carbonic add gas: — Calcite, dolomite, gur- 
hoBite, aniiente, rhodoohrosite, smithsonite, airago- 
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nite, witheritOy strontianitey barytocalcite, cerussite, 
malachite, and azurite. 

On boiling the following are acted on in the same way, 
but in sereral cases the carbonic acid is firom the citric 
acid: — ^Hausmannite, pyrolnsite, manganite, psilome- 
lane, wad, magnesite, and siderite. 

Minerals decomposed by the citric acid solution, with 
evolution of sidphuretted hydrogen, when cold or on 
boiling: — cold: Stibnite, galena, alabandite, sphale- 
rite, pyrrhotin ; on boiling : Bomite, jamesonite, bour- 
nonite, boulangerite, and kermesite. 

The cold solution decomposes the following, with 
separation of silica : — ^WoUastonite, rhodonite, chrj'so- 
lite, willemite, nepheline, lapis lazuli, chondrodite, pec- 
tolite, laumontite, chrysocoUa, calamine, apophyllite, 
thomsonite, natrolite, mesolite, analcime, chabazite, her- 
schelite, stilbite, and deweylite ; while the boiling solu- 
tion acts on these, as also on tephroite, ilvaito, phlogo- 
pite, datholite, prehnite, heidandite, serpentine, chry- 
solite, bastite, and gieseckite. 

When nitrate of soda is added to the boiling solution, 
the following are dissolved : — Silver, mercury, copper, 
arsenic, antimony, bismuth, sulphur, bismuthite, do- 
meykite, argentite, hessite, tiemannite, millerite, nicco- 
lite, iron pyrites, chalcopyrite, linnaeite, smaltite, co- 
baltite, ullmannite, marcasite, arsenopyrite, nagyagite, 
covelline, berthierite, pyrargyrite, tetrahedrite, ten- 
nantite, stephanite, polybasite, enargite, uranite, and 
hiibnerite. 

The addition of iodide of potassium to the boiling 
solution dissolves nearly all those already mentioned 
and also the following, viz. : — Eealgar, orpiment, cinna- 
bar, haematite, menaccanite, waahingtonite, magnetite, 
franklinite, braunite, enstatite, augite, spodimiene, 
hornblende, actinolite, pargasite, olivine, almandite, 
pyrope, colophonite, and epidote. 

The following list includes those minerals which were 
examined but were not decomposed \>y ttaa T^^-^^tiXa. 
mentioned in this tabular list : — Qroplait©, ■m.c^'^V^^'st!^^, 
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of soda present ; and by tliis character alone It is pos- 
sible to state roughly how much soda is present, irom 
less than 1 per cent, to 16 per cent. All the soda and 
lime felspars contain less than 4 per cent, of potash, 
while, as a rule, red colouration only appears when 
there is more than 4 per cent, of potash. Hence, if a 
felspar shows indications of a small amotmt of soda, 
accompanied by a risible red colour, then it is mani- 
festly one of the potash felspars. The percentage is 
here also indicated by the degree of visibility. If a 
little gypsimi be added to the felspar, then the red 
colouration appears with amounts of less than 1 per 
cent. The colouration of the flame by the potassium is 
observed by looking at it through a deep blue cobalt 
glass, or through a solution of indigo in strong sul- 
phuric acid. The presence of the lime is indicated by 
the increasing difficidty of fusibility, and by the visi- 
bility of the calcium line when the felspar has been 
dipped in hydrochloric acid and then placed in the 
lower part of the flame, which must then be looked at 
through the spectroscope. 

A large proportion of those parts of this chapter which 
relate to the crystalline forms, the optical and electrical 
properties, the colour, lustre, and blowpipe reactions of 
minerals, is taken, with various alterations, from Dana's 
*' Rudimentary Treatise on Mineralogy,'* which origin- 
ally formed No. 4 of the Weale Series. 
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OnAPTER IL 

GASES AND WATER. 

Section I. — Simple Gases. 

Hydrogen. (H. Atomic weight, 1.) 

This gas rarely occurs free in nature ; it is emitted from 
crevices during earthquakes, and from volcanoes when iu 
eruption. It is an essential ingredient of all hydrates, 
hydrous acids, and hydrocarbons. It is most abundant 
in marsh gas (H^C). It is colourless, tasteless, trans- 
parent, inodorous. It will combine with oxygen at ordi- 
nary temperatures under the influence of certain minerals, 
such as platinum, osmium, iridium, palladium, gold, and 
silver ; with chlorine, under the influence of daylight, 
sunlight, the electric, and the lime -light, or at a tempera- 
ture above 369° F. At a red heat it combines with the 
vapour of bromine and iodine. It is not known to com- 
bine directly with any other element. It is the lightest 
body in nature, the specific gravity being '0692 (1) as 
compared with air =1. It is sparingly soluble in water, 
100 cubic inches of which absorbs 1 J cubic inches of the 
gas at about 00° F. It possesses neither acid nor alka- 
line properties, and is powerfully electro-positive. Its 
index of refraction is 1*000138, and its specific heat, as 
compared with an equal weight of water, is 3*4090 (1). 
Some further remarks on hydrogen will be found in 
Chapter I. In the descriptions of minerals the specific 
gravity, the specific heat, the index of refraction, and 
other properties, are expressed in numbers, according to 
the usual standard, but in most cases the same properties 
are expressed in numbers referred to hydrogen as unity. 
These last are always placed in parentheses. The unit 
for refraction is '000138, or the difference beV^^^TLV^^^- 
gen and vacuum. 
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OsTGKs. (O. Atomic weight, 16.) 

It resembles hydrogen in many of its properties, but 
Hifkn from it remBrkably in others. It ia the most 
abnndaitt of all elements, forming -J of water, nearly ^ of 
the atmosphere, and aboat ^ of silica, chalk, and alumina ; 
theee rabstances are so widely distributed that nenrly all 
th« more iroporttmt rocks and minerals contain more or 

I oxygen: indeed, the outer few miles of the earth's 
crast U almost entirely composed of osides and oxygenated 
siibslances. Oxygen is colonrless, tasteleaa, inodorous. 
Mid ia slightly eolnble in water, being dissolved to the 
extent of abont 3 per cent, bv volnme at ordinary atmo- 
spheric t«>mper«tnrM. Its index of refrnction is 1000272 
(t'97) ; cp. gr., 1*1056 (16) ; and specific heat for equal 
tveights, '2175 (-0625). It is the most magnetic of all 
gasea, and ia more bo than the chloride of iron, which is 
the most magnetic of all liquids; as compared TritK iron 
^ 1,000,000, its power, weight for weight, may he repre- 
Beuied by 377. Oxygen combines with nearly all the 
known elements either by direct anion or by indirect 
chemical action. Ruorine is probably the only exception. 
Direct combination takes place with bnt few bodies st 
ordinary temperslores when the oxygen ia dry, but when 
moist it acts on most metals, which become slowly con- 
verted into oxides. The metals will combine directly 
with oxj'gen on raising the temperstnre, or reducing 
them to powder. The most remarkable property of 
oxygen is its powerftil combnstibility. 

The chemicnl activity of oxj'gen appears to be con- 
nected with its relative state of condensation. Thus, 
when oxygen is condensed by platiunm black iu proper- 
ties approach (hose of ozone. This substance has a 
fpecifio gravity of l'6oS (24), and a peculiar odour. Its 
properties resemble thosa of ordinary oxygen, but are 
marked by greater intensity ; so that what oxygen effects 
at high temperatures, oaone will accomplish at ordinary 
temperatures, and dry oKone will do that which it will 
ire moist oxygen to perform under the same ciroum- 
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stances. The main dififerencesbetween the two gases appear 
to be dne to dififerences in density, bnt why the one shonfd 
be relatively heavier than the other under the same condi- 
tions is a question that remains to be solved. 

Nitrogen. (N. Atomic weight, 14.) 

It occars free in the atmosphere, of which it forms four- 
fifths, in certain cavities in fishes and other animals, as 
also in plants. Many springs yield it in considerable 
quantities, through the waters of which it may incessantly 
babble. There are many examples of this in North 
America, and the tepid springs at Bath are good English 
examples. One of the Bath springs is said to yield nearly 
270 cubic inches of this gas every minute. This pheno- 
menon is not peculiar to America and England, for there 
is reason to believe all, or nearly all, warm springs evolve 
more or less free nitrogen. Volcanoes also yield immense 
quantities of this gas. This evolution of nitrogen appears 
to be associated in some way with the deoxidation of the air, 
which finds its way into the cavities of the earth's crust. 
Nitrogen is colourless, transparent, inodorous, insipid. 
Its specific gravity is 0*9713 (14); refractive index, 
•000300 (2-169); and specific heat (Regnault), -2438 
(•0757). It is sparingly soluble in water, which absorbs 
1^ per cent, by volume at 60° F. It will not combine 
with oxygen, hydrogen, or carbon at ordinary, but does 
so at elevated, temperatures. Its chemical affinities are 
weak, but it enters into the composition of numerous 
compounds, more especially such as are connected with 
the nutrition of plants and animals. Its weak affinity 
gives rise to the tendency which nitrogenous compounds 
possess of being easily decomposed. In one class of 
compounds it combines in the proportion of 1 volume to 
3, as in ammonia (H3N) and the nitrites; while in 
another class the volume proportion is as 1 to 5, as in 
most of the nitrates. These volume proportions apply 
only to monatomic elements, but they will also apply to 
other elements if the 1 be replaced by the figure t<i)^\^. 
gen ting their degree of atomicity. 
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Chlortne. (CI, Atomic weight ^ 3S-5.) 
Chlorine does not oconr in tlie free state, but is widely 
diHtrib\ited in combination witii other elaments, forming 
part of tlie chlorides of magnesium, sodium, calcium, and 
potaBsium, all ingredients of sea water ; and of the chlo- 
ridcH of lead, mercury, and silver. It forma rather more 
than 97 per cent, by weight of the hydrochloric acid 
ejected from volcanoee. It has a yellowiflh green colour, a 
pungent irritating odour, and an astringent taste. Its 
ep. gr. is 2-i7 (35'5), and its sp. ht., 4210 (■0356). lis 
refractive power is less than that of water. It is nnaf- 
iected by light, heat, or electricity ; but, when moist, 
light causes it to decompose water, and to combine with 
the hydrogen to form hydrochloric acid. Water, when 
boiled, dissolves twice its own bulk of chlorine at the 
ordinary atmospheric temperature and preasure. Chlorine 
is electro -positive in oxygen compounds, and electro-nega- 
tive in al! others. It supports combustion, especially in 
the caaea of powdered antimony and phosphorus. Its 
most distinctive characteristic is its power of destroying 
vegetable colours, which it does by depriving them of 
more or less of their hydrogen. It possesses active 
chemical properties, and combines directly at ordinary 
temperatures with nearly all metals, many metalloiils, ami 
many compound bodies ; at higher temperatures it combines 
with additional bodies, aucii as sulphur, selenium, boron, 
silicon, but not with carbon, except indirectly. 

Seotio?' II. — Compound Gabeb. 
Marsh Gas. (H^G or C == 75; H = 26. Syn. Light 

Carburettcd Hydrogen ; Fire damp ; Hydride of 

Methyl.) 

This gas more nearJy reaemhles hydrogen in its proper- 
ties than any other compound gas, and is a very common 
natural product. It is colourless, tasteless, and inodorous ; 
possesses little chemical activity, and yields a flame which 
has little luminosity. Its ap. gr, is ■fi576 (8'05), or rather 
!ri<7re than haUua heavy as &iv; according to calculation the 
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fignrcB should be *5536 (8). It is sparingly soluble in water, 
which takes np about 5*4 per cent, by volume at 32^ F. 
At a white heat it is decomposed into carbon and hydro- 
gen. Its refractive power (air = 1) is 1*504 ; its index 
of refraction, 1'000443 (3-21) ; and its specific heat for 
equal weights (water = 1) is '5929 ('174:), or, theoreti- 
cally, '425 (*125). This gas is nearly always formed when 
organic matter decays in the presence of water. The 
little bubbles of gas so common in stagnant and in marsh 
water is mainly composed of it ; hence the derivation of 
one of its names. Coal-beds are immense masses of moist 
vegetation undergoing slow decomposition, and hence they 
are an abundant source of marsh gas, or fire damp as it is 
called by the miners. It is not combustible in itself, but 
it becomes so on being mixed with twice its volume of 
oxygen. This mixture when heated explodes, and pro- 
duces one volume of carbonic acid, and two volumes of 
steam. This is attended with condensation of volume, 
both products being heavier, that is, more dense. The 
consequence is a rush of air to fill up the partial vacuum, 
which is generally so powerful as to knock the miners 
violently against the floor and sides of the passages. In 
the conversion of the fire damp into carbonic acid and 
water, ten times its bulk of air is deprived of its oxygen, 
so that the resulting atmosphere is irrespirable, and is the 
well-known choice damp of the miners. There are nume- 
rous localities where light carburetted hydrogen issues 
from crevices in the earth, and which, from its ready 
inflammability, has given rise to many of the so-called 
burning springs. In some cases it is pure, in others 
it is mixed with bitumen,, but in all there is reason to 
believe it has originated either from organic matter, or 
from deposits of rock salt; the crepitating salt of 
Wieliczka owes its property to the escape of compressed 
marsh gas. The most remarkable of these burning 
springs are at Fredonia, New York; St. Barthelemy, 
department de I'lsere, France ; Mount Ohimiere, Asia 
Minor ; Brosely, Lancashire ; Ludovici mine, Szlatina^ 
Hungary; Tseu-lieou-tsing, China; avxA m \i)a^ ^^ \&\si- 
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plee of the Guebree, or fire-worahippera, near Baku. It 
ia probable thai moat of the sahes or mud volcanoes are due 
to the nccumnlation and escape of carburetted hydrogen. 
They gen erallyoccnr in groupB, and are freqaently arranged 
in lines. Their eruptioua resemble volcanic action on a 
small scale, but they do not occur in volcaiiic regions. The 
flames from them hove little luminciaity, and can only be 
seen at night from any distance. They abound in Italy 
along the northern elope cf the Apennines ; at THaculaba 
in Sicily; in the Crimea; the Taman peninanla; the 
neighbourhood of Baku ; ami in different parts of Asia, 
such ae Bengal, Java, and China. 

PUOSPHOHETTED HyDBOOES. (HjP.) 

Thia gaa ia produced naturally under somewhat similar 
circumstancee as the one joat noticed, viz. where organic 
matter containing pboaphoruB eompounda, such as fiah, is 
undergoing moist decomposition. It ia colourless, pos- 
eeases a disagreeable garlic-like odour, and ia the cauee 
of the peculiar odour of stinking fiah. It ia soluble in 
about fifty times ita volume of water, and its sp. gr. is 
1'214 {17-S). It seldom occurs pure, bnt is usually 
mixed with the vapour of phosphide of hydrogen, a liquid 
having the composition indicated by the formula H^P,* 
which renders it apontaneoualy inflammable iu air, The 
ignition of this gaseous mixture on ita escape from water 
into the airia believed to be the explanation of the pheno- 
menon known as ignis fatuua and will o' the wiap. 

■ ThJsia the formula g^ven in Watt's Diet, of Chemifltry, and ty 
moat chemists. If ita specific gravity were known, some elnc might 
bo given to the tnio formula. There seema to he much reason to 
believe that its vapour densityia greater than that of phoaphoretted 
hydrogen, since H]F is a liguid at the same temperatare at 
which HgP is a gas. Tt appears to be a rule that the density of 
HuliBtances composed of similar elements at a given temperatnre ia 
greater in proportion to the number of atoms contained in I volume 
of ita TBpouT, Many examples of Uiis may be found amongst tho 
eomponnds of hydrogen and carbon, of oiygen and nitrogen, Ac. 
If HjP, a 4 atom phospho-hydride, is a gas at ordinary tempera- 
tures, it ia not likely that HjP, a 3 atom phospho-hydride, wonM 
he a liquid. Tho probability ia that it is H|P multiplied by 3 OB j 
more, that is, HgPs or Hi.Pg, &<;. ^M 
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Ammonia. (H,N, or N = 83-39; H = 17G1. Volatfle 

Alkali.) 

It is gaseoas at ordinary atmosplieric tempcratnres and 
prcBsares, but is liquefied by a pressure of 6^ atmospheres 
at 50^ F. ; and solidified by a pressure of 20 atmospheres at 
— 103** F. It is colourless, possesses an exceedingly 
pungent odour, and has an alkaline taste. Its sp. gr. is 
-6902 (8-5); sp. ht., -508 (-178); and refractive index, 
1*000385 (2* 79). It supports neither combustion nor 
respiration, but is feebly combustible. It is remarkably 
Bolable in water, which dissolves 670 times its bulk at 
60° F. It is powerfully alk«aline ; restoring the blue colour 
to litmus paper reddened by an acid, and neutralising the 
strongest acids. Air contains an infinitesimally small 
proportion as a carbonate ; rain, river, and sea water con- 
tain larger proportions of it as nitrate. It occurs in many 
mineral springs ; in nearly every kind of clay, soil, and 
iron ore ; in the sap of plants, and in the fluids and ex- 
crements of animals. It enters into the composition of 
sal-ammoniac and ammonia-alum, and is formed either in 
a free or combined state by almost all nitrogenised organic 
substances when they putrefy. 

Sulphuretted Hydrogen. (HgS or 8 — 94*18 ; H = 
6'82. Hydrosulphuric Acid; Protosulphide of Hydrogen.) 

A compound which is colourless and gaseous at ordi- 
nary temperatures, and under ordinary pressure. It 
possesses a peculiar fetid nauseous odour and taste, charac- 
ters by which its presence is readily detected in rotten 
eggs. It is produced wherever organic matter, water, 
and sulphates, such as that of lime, remain long enough 
in contact ; is evolved from fumaroles and volcanoes ; and 
is contained in solution in many mineral waters, such as 
those at Harrogate, Bareges, Bagn^res, D'Enghien, 
Montmorency, and elsewhere. It is contained in the 
pores of certain mineral substances, such as limestones, 
dolomites, and marls, from which it may be disengaged 
by friction or percussion. In nature \l \a i^^Nwj^ ^»ak<^* 
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ciated with water ; and occurs in the exhalatioufl of vol- 
caDoes, when in their least active etate. The active 
voicanoeB discharge hydrochloric acid, and eeldom or never 
flulphuretted hydrogen. This latter gaa unites with roany 
alkalies and alkaline earths, and gives rise to sulphides 
when it acta on metallic osidee. It is decomposed by 
nearly all oxidising agents, the oxygen of which unites 
with the hydrogen to form water, while the anlphur is 
deposited in a free state. The aqneous solntion is thus 
acted upon hy air ; but when it is mingled with a gaseons 
vapour, and in that form exposed to air or other oxidising 
agents at a temperature of about 200° it is converted iuto 
Bulphuric acid. It reddens litmus paper, but not strongly ; 
is Bohible in about one-third of ila bulk of water, and has 
a apeciflc gravity of 1'178 (17). It is readily inflammable, 
burning with a bluish flame. It is liquefied by a pressure 
of 17 atmospheres at 60° F., and solidified by a tempera- 
ture of— 121° P. It is most readily detected by its black- 
ening action on silver and lead. 

Hydroohlohio Acid. (HCl or 11 = 2'74 ; CI = 97-2G. 
Chlorliydric Acid ; Muriatic Acid gas.) 

It ia a colourless, pungent amelling, acrid tasting 
gas, which extinguishes burning bodies, reddens vege- 
table blues strongly, and has a great affinity for water. 
Water absorbs about 460 times its volume of the gas at 
60° F. Its sp. gr. is 1-271 (18-25) ; sp. ht. for eqnni 
weights (water = 1), -1846 (-045). It ia condensed to a 
colourless liquid by a preaaure of 40 atmospheres at a 
temperature of 60° F. It ia diacbarged by volcanoea in 
eruptions, and is rapidly absorbed by the water formed 
from the steam discharged at the same time, so aa to give 
rise to rivulets of dilute hydrochloric acid. It exists in 
the thermal waters of Chucandiro, Quniche, San Sebas- 
tian, and other places between Valladoiid and Lake Cuaoo, 
Mexico; in theporea of certain partially decomposed lavaa, 
auch as those of Veeuviua; in the dolomites of PuySarcony, 
Aiirerffne; aad in certain saliforoua deposits, such as the 
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salt mines of Wieliczka, in Galicia ; of AuBsee, in Styria ; 
and of Kreutznach, in Rhenish Prussia. 

Sulphurous Acid. (SO, or S = 5014 ; = 49-8G.) 

ColourlesBy permanently elastic, and gaseous at ordi- 
nary temperatures and pressures, it condenses to a liquid 
when exposed to a cold of about — 7^ F., and solidifies at 
— 105^ F. The gas has a pungent and suffocating odour, 
and a disgreeable acid taste. Water dissolves about 35 
Yolames of it at 60^ F. It bleaches some vegetable and 
animal substances ; its sp. gr. is 223 (32), and when moist 
it readily combines with oxygen to form sulphuric acid. 
It combines with many bases, and forms sulphites. It is 
formed in volcanoes under somewhat similar conditions as 
sulphuric acid, but at temperatures not less than 190^ or 
200° F. ; so that, generally, the sulphurous acid of vol- 
canoes is the result of rapid oxidation, and the sulphuric 
the result of the slow oxidation of sulphuretted hydrogen. 
Sulphurous acid is abundant in Iceland, at TenerifFe, at 
Etna, at Stromboli, and at several of the volcanoes in 
Japan and the Andes ; but it is rare at Vesuvijis, where 
hydrochloric acid is the predominant gas. It is always 
disengaged by active solfataras, and is frequently absorbed 
by waters flowing in their vicinity, which then constitute 
the sulphurous acid waters of the grottoes at Santa Fiora, 
Etna, and elsewhere. 

Carbonic Acid. (00^ = 27-27 0. and 72-73 0.) 

A colourless, transparent gas, having a sp. gr. of 1*526 
(22). It has an astringent taste, reddens litmus paper 
when moist, extinguishes flame, and is irrespirable. It 
has been liquefied by a pressure of 36 atmospheres at a 
temperature of 32°, and solidified by the intense cold pro- 
duced by the rapid evaporation of the liquid acid. It 
dissolves in about its own weight of water. It exists in 
large quantities in nature, but the atmosphere generally 
contains about 4 parts in 10,000 ; it is held in solution by 
nearly all spring waters; it forms nearly one-h«Al \s^ 
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weight of all limCBtones and marbles, and a emaller pro- 
portion of numerous other carbonotea. It ia formed 
during tlie proceases of fermentation, respiration, putrefac- 
tion, and combustion. The growing parts of plants 
decompose it under the influence of daylight and sun- 
light. It isBuea from fissures in the ground, chiefly in 
voloanic regions, and is ejected la vast quantities from 
active volcanoea. Its weight being greater than that of 
air, causes it to accumulate more or less nt the bottom of 
wells, mines, quarries, and caverns, especially in limestone 
districts, where it is emitted from fissures. Some of the 
places where it has thus accumulated have acquired con- 
siderable notoriety from the poisonous effects of the gaa, 
such as the Grotto del Oaiie, and others near Bolsena, in 
the Boman States ; Aubenas in the department of the 
Ardfeche ; at Perols, near Jlontpellier ; at Mount Joli, 
near Clermoat Ferrand; at the old abbey of Laach, on 
the Rhiue ; and at Typhon, in Cilicia, It is particularly 
abundant in the craters of extinct volcanoes, and in old 
Bolfataras, of which the valley of Poison, in Java, is a good 
example. 

Atmosphebio Am. 
It consista of several gases, the principal being oxygen 
and nitrogen, mechanically mingled, and not chemically 
combined. As a compound it is transparent, blue (when 
great thicknesses are seen through), and about 81C times 
lighter than water at a temperature of 60" F., and under 
a pressure of 30 inches. Under such circumstances 100 
cubic inches of dry air weighs 31'07i grains. The at- 
mosphere has nearly the same composition under all 
normal circumHtances, but each of its constituents varies 
within certain narrow limits. Perfectly dry air, deprived 
of its carbonic acid and ammonia, consists on the average 
of20'9Gper cent, by vohme of oxygen, and 79'Oi of nitro- 
gen. But besides these, ordinary air contains from 3 to 5 
volumes of carbonic acid per 10,000 ■volumes of sir ; about 
1'4 per cent, of aqueous vapour, and traces of nitric, 
]»>'dro chloric, sulphurous, and sulphuric acids, a 
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earbnretted hydrogen, and organic impurities. Although 
the qnantitieB of these last ingredients are relatively very 
small, yet they ought not to be overlooked, since they 
exercise great influence on inorganic as well as organic 
sabstances. As air is a mechanical mixture, its properties 
belong to its ingredients separately rather than to itself 
as a whole. Water dissolves the principal elements of 
air, oxygen and nitrogen, in the proportion of two volumes 
of oxygen to one of nitrogen. The air of waters is con- 
sequently essentially different from atmospheric air. The 
sp. heat of air is •2374 (Regnault) ('069), and its refractive 
power "OOOdSS (4*2). Air is frequently taken as unity 
in comparing its specific gravity, specific heat, refractive 
power, (fee, with those of other gaseous bodies ; but the 
relation between such bodies is better seen when hydrogen 
is unity. 

Section III. — Water. 

This chemical compound (H,0) consists of two volumes 
of hydrogen and one of oxygen, or of 89 parts by weight 
of oxygen and 11 of hydrogen. It exists in nature in 
three different states, and may be either aeriform, liquid, 
or solid 

A.ERiroRM Water. — Vapour, Steam. 

Aqueous vapour is constantly being given off in large 
quantities from seas, lakes, rivers, and other masses of 
water, and in small quantities from snow and ice. The 
air is capable of retaining certain amounts of this vapour 
at certain temperatures. When the air is saturated, it is 
said to have a humidity of 100. If its temperature is 
raised, it has the power of taking up more vapour ; but 
its capacity is lessened by reduction of temperature. 
When the saturated air has its temperature lowered, a 
portion of the vapour is deposited in the liquid or solid 
form, either as cloud, dew, rain, snow, or hail. 

Aqueous vapour is also emitted from fissures in the 
ground, some of which are connected with centres ^1 
volcanic action;, while others are connected m\)£i\\xcka^\a\ia 
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foTmatione far distaat from any volcano, Steaiu, tliat ia, 
aqueoufl vapour formed at a high temperature, and under 
a considerable pressure, eacapea in abundance from active 
volcanoes, and ie discharged from openings in the ground 
known aa famarollea and ioffioni. Theae vapoara are 
generally mixed with gases, such as hydrochloric and 
BulphurouB acidfl, and sulphuretted hydrogen, or with 
the vapour of sohds, such as those of borncic acid in the 
lagooca of TuBcany. 

Water. 

The term water ie generally restricted to the liquid form 
of this substance. It ia (when pure, and in tUin masses) 
colourless, transparent, tasteless, and inodorous. It is 
generally taken th t nd d of comparison in investi- 
gating various phj ^ P 1 t a of liquid and aohd aub- 
stances, and ita p fi j, ty &a., is said to be 1 or 
unity. The E 1 h t f ei^ht is the weight of a 
cubic inch of w t t 62 F and when the atmosphere 
Hupporta 30 1 b f m iry ; this amounts to 
252'458 grains a b h of dry air, which is the 

standard for ga a d p weighs '31 grain ; con< 

sequentjy water b t 8iG times heavier than air. 

The English uu t tit th quantity of heat required 
to raise 1 lb, of water (weighed ia vacuo, and at about 
60° F.) from 60" to 61" P., which is equivalent to a force 
represented by the fall of 772 lbs, from a height of 1 foot ; 
or, to express the same thing in another way, to a force 
that will raiae 772 lbs. to a height of 1 foot. The French 
unit of heat is the quantity required to raiae 1 kilogramme 
(2'2 lbs.) of water from 0° to 1" C, which is equivalent 
to 423 kilogramme tree. The relation between the two 
units may be thus expressed : — 

423'kilogrammetres = 3045 ft. lbs. 
English unit of heat = 772 „ 

„ „ ^ 107' 2 kilogrammetrea. 

The proportion between them is conaequendy bh 1 is to 
3-!i3. 

In Chapter I. reference is made to the inconvenionao 
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of liayiDg two standards of weight — one for gases, and the 
other for liquids and solids ; so that we need not further 
enlarge upon the subject here. Suffice it to say, that 
hydrogen at 0^ 0,, and under ordinary atmospheric 
pressare, being 1, the same volume of water will weigh 
11,178 times as much at 62«> F. (16|° C), 11,188 at 
32© F. (0^ 0.), and 10,179 times as much at 100? 0. 
(212«> F.) 

Water conducts heat and electricity badly; is very 
slightly compressible, and has its maximum density at 
39^ F. It combines with or absorbs the great majority of 
snbetances ; and consequently pure water never occurs in 
nature. This power of absorption, combined with its 
universal distribution, renders it the principal agent by 
which most of the chemical changes in nature are effected, 
and the study of the chemical action of natural waters 
throws great light, not only on the formation and decom- 
position of minerals, but also on the formation and decom- 
position of organised beings. This is a subject of the 
highest importance to the mineralogist and lithologist. 
We cannot enter into details here, but one or two illus- 
trations must suffice. Oxygen, in the dry state, has very 
littie chemical activity at ordinary atmospheric tempera- 
tures, so that iron — and, indeed, most of the metals — are 
unaffected by it. By far the greater number of minerals 
are either oxides or oxides combined with something 
else; so that nearly all metallic compounds must have 
been formed at a high temperature if dry oxygen only 
had existed. When, however, the oxygen is moist or 
dissolved in water, it possesses considerable chemical 
activity at low temperatures, and it is by moist oxygen 
that the oxidising processes of nature are effected. Car- 
bonic acid is another powerful mineralising agent ; but so 
long as it is dry it does not even possess acid properties. 
All native carbonates are formed from aqueous carbonic 
acid. These two gases are contained in nearly all spring 
waters, so that wherever water flows over or through the 
rocks elevated above the sea, there is a constant tewdftt^ss^ 
to the formation of oxidea and carbonateB. li> Txiot^^N'^^ ^ 

£ 
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it is borne in mind that water is essential to the formation 
of nearly all silicates, since silicic acid will not combine 
at ordinary temperatures unless it is dissolved, the im- 
portant part it plays in the formation of minerals will be 
readily understood. This is shown independently by the 
composition of the minerals themselves, and by rocks 
which are aggregated minerals. A great many minerals 
are hydrates, such as the zeolite family, or contain more 
or less water in mechanical combination, as in most 
decomposing minerals. The rocks — even the denser 
ones, snch as granite — are more or less saturated with 
water; and, according to Delesse, there is more water 
below the surface of the solid part of the earth than there 
is above. 

loB, Snow, Hail. 

These represent the solid crystalline form of water. 
The crystals belong to the hexagonal system, and are 
frequently arranged into composite masses of remarkable 
beauty and variety of form, in which every line, every 
face, and every crystal, is inclined towards its neighbour 
at an angle of 60^, or some multiple thereof. 
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CHAPTER in. 
Native Metalloids and Metalr. 

Cabbon. (C. Atomic weight, 12.) 

Oabbon and eilicon are amongst the commonest of the 
elements, and, at the same time, they are amongst the 
most difficult to give an account of, partly in consequence 
of the great variety of form in which they exist, and 
partly on account of their properties not being in appa- 
rent harmony with those of the other elements. One 
illustration of this apparent want of harmony appears in 
the case of specific heat. When the specific heat of 
nearly all the elements is multiplied by the atomic weight, 
the product is a number approximating to 6*4; but the 
numbers yielded by carbon, boron, and silicon differ 
widely amongst themselves, and are at the same time 
much less than 6*4. There is undoubtedly some expla- 
nation for these exceptions, but as yet no satisfactory 
explanation has been proposed.* We would suggest that 
it may be intimately connected with the fact that the 
densities of carbon, boron, and silicon are very much greater 
relatively to their atomic weights than those of any other 
elements. Glucinum also is an exception. It evidently 
belongs to the same category as boron, carbon, and 
silicon, as regards its sp. ht. This is not the place for 
entering into the evidence in support of our suggestion, 
for it is only a suggestion ; but a few figures will bring 
out more clearly what we have indicated above as to the 
relation between the atomic weights, the density, and the 
specific heat. The figures are taken from Watt's " Dic- 
tionary of Chemistry, art. Heat," but the parallelism would 

* This was written before the anthor had ascertained that Ber- 
thelot had pointed out (An. de Chemie. [4] ix. pp. 469-480, 1866} 
that the anomalous properties of carbon are due to Ita hi^lv«k\»^ ^ 
condensation. 

£ 2 



76 



METALL0rD9; CAEBOS. 



be better ebown if the specific beata were tboso of tbe 
elements in corresponding states of condeneation wbeii 
not near tbeir boiling or melting points. By corresponding 
states of condeneation we do not mean bsving tbe same 
density, but baving a density tbe same number of times 
greater tban their atomic weigbts. Tbo specific beats, 
moreover, sbould be tbose referring to the same tempera- 
ture or the same limits of temperature. The specific 
gravities are expressed according to the hydrogen scale. 
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Carbon, as is well known, exists in many diifercnt 
forms, mainly cbaraoteriKcd by tbeir different densities. 
Charcoal powder is light ; coal, anthracite, and graphite, 
which arc almost pure carbon, are much heavier and 
harder ; while tbe diamond is still heavier, and the hardest 
substance known. The different densities appear to be 
due to the different cireumstancaH under which the carbon 
baa been separated from its compounds. Thus the light 
variety, or eoot, is obtained when the carbon is separated 
from flames when under ordinary atmospheric pressure ; 
light charcoal is obtained when wood is heated under 
sbgbf pressure, and with a limited snpply of air; dense 
charcoal ie produced when wood is raised to a high 
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temperature in a closed vessel, in which process it is 
necessarily exposed to great pressure by the tension of the 
gas enclosed with it; graphite is the form which the 
carbon takes when largo masses, several tons weight, of 
liquid iron, or of the carbon-containing fluids used in the 
mannfactore of alkalies, (fee, are subjected to certain 
Aiodea of treatment which cause the separation of the carbon. 
This carbon is generally under the pressure of the 
superincumbent and surrounding fluid. The same rela- 
tion between density and pressure seems to obtain in the 
form of carbon as known to the geologist and mineralo- 
gist Thus we generally find the light peat bogs on or 
near the surface ; lower down come the lignites ; still 
lower, the brown coals ; next, the soft coals ; followed by 
the hard coak ; beneath them are the anthracites ; lower 
still the graphites, and probably the diamonds come below 
an. Hence it is that, generally speaking, the coals are of 
greater geological age than the lignites, anthracite than 
coal, and graphite than anthracite. But such relationship 
in age will only hold good on the same area ; not between 
dififerent areas, since anthracite is known of far more recent 
formation than the ordinary coal-fields, and other apparent 
exceptions exist. In mos^ if not all, cases they are fully 
explained, if the pressure to which the coal, or whatever 
it may be, has been subjected is taken account of. Thus 
there are casejs in which the bands of coal or anthracite 
are close to the present surface, or with not more than 
a few hundred feet of rock above them ; although, pro- 
bably, such bands were at one time covered by many 
hundreds of feet of rock, which has been carried off by 
the denuding agency of rains, rivers, floods, and oceanic 
waves acting for enormous periods of time. With these 
general considerations we will pass on to the descriptions 
of graphite and the diamond, disregarding lignite, coal, 
(fee, as belonging to lithology, or palaeontology, rather 
than to mineralogy. 

Graphite (Black Lead; Plumbago) is carbon con- 
taining from 1 to 5 per cent, of mechanical impurities, 
generally lime, iron, and alumina. It o(ic>\3Ct\^ ^\^^t 
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omorphouB liiassea or in cryatalline flakes. The cryetala 
are eix-sided laminfe, having a distinct cleavage parallel 
to the haee. The specific gravity varies from 1'8 to 24 ; 
the hardnCBB from 1 to 2 (in the amorpliouB graphite) ; 
and the colour from dark iron block to a steel grey. Both 
varieties make a dark streak on paper, but the amorphous 
form being the softer and darker of the two, is alone 
fitted for the manufacture of pencils. It is infusible, a 
conductor of electricity, aud combustible, but at a tempe- 
rature far higher than is required fur coal, and lower than 
that required for the diamond. The crystalliaed variety 
is found in few places only, and in amnll quantities. Some- 
times it is embedded in quartz, aa in Ceylon and Australia ; 
sometimea in gneiss, as at Stourbridge, Massachusetts. 
The amorphous graphite is more abundant, and occurs as 
small scales and grains, large nodular masses, or in beds. 
The former two are met with in the sedimentary deposits 
derived from the degradation of the older rocks, while 
the latter are generally associated with the more highly 
crystalline limestones and mica-schists. The more im- 
portant deposits are situated at Griesbach, near Fassau ; 
in the Semipalatinsfe district of Western Siberia ; on tho 
banl(S of the Lower Tunguaki, and at Mount Balagool, 
in Eastern Siberia; near Swojanow, in Bohemia; and in 
the Laurentian rocks of the townships of Burgess, 
Lochaber, and Grenville, in Eastern Canada. The 
deposit at Borrowdale is perhaps the best known to most 
English readers, hut it is now nearly worked out, and is 
inferior to most of the localities mentioned above as 
regards quantity, although it is still superior to most of 
them aa regards quality. 

Diamond. — The diamond is almost pure carbon, contain- 
ing an infinitesimal quantity of impurity in the coloured 
jpecimens ; of which impurity silica and iron are the pre- 
dominating ingredients. It is said that occasionally the 
ash left in burning some diamonds contains what appears 
to bij something like vegetable structure. The diamond 
occurs in cubes, octahedrons and other foiTus belonging to 
the regnhr s^ystem ; two of the more complicated of which 
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are represented in Figs. 29, SO Its specific gravity varies 
from 8-48 to 3-56; its hard- 
ness is 10 ; its index of re- 
fraction, 2*439 ; and its lustre 
adamantine. When pare it 
is colourless, but yellow, 
green, rose, blue, brown, 
and black diamonds are also ^^ ^- ^«- *^- 

foond. It will not conduct electricity ; is infusible by the 
highest artificial heat yet obtained, insoluble in any 
liquid, and incapable of combining with oxygen except 
at the highest obtainable temperatures. Its union with 
oxygen results in the formation of common carbonic acid. 
TVlicn exposed to a very strong heat, in an atmosphere 
free from oxygen, it swells up into a black mass like 
graphite or coke. 

The hardness of the diamond being greater than any 
other substance, it can only be cut or polished by itself. 
The polishing of diamonds is effected by rubbing the 
diamond against a steel wheel, having the edge covered 
with diamond dust. The rarity of the diamond, combined 
with its peculiar properties, has imparted to it a factitious 
value and interest, far beyond that of any other mineral ; 
but to the mineralogist the diamond is one amongst many 
other stones which have an equal claim upon his atten« 
tion. 

The diamond is usually found in alluvial deposits de« 
rived from older rocks. The best are brought from India 
and Brazil. In India the principal localities are near 
Golconda, where they are obtained by washing the sands. 
In Brazil the principal localities are in the provinces of 
Minas Geraes, and St. Paul, where they are also obtained 
by washing the sands of the larger rivers. Diamonds are 
also found in the Ural Mountains ; in North Carolina, 
California, Australia, 8. Africa, Borneo, and Sumatra. 
Occasionally the diamond is found tn situ ; the rock is 
in nearly all cases a more or less dense sandstone, which 
is usually called by the name of itacolumite. 
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SuLPHiiH. (8. Atomic weight, 32, S}/n. Brimstone.) 
Like many of the gasea noticed in the previons chapter, 
sulphur, in the native state, is most commonly found in 
connection with volcanoes ; hut &s it is a frequent product 
of the decomposition of sulphuretted hydrogen, it slao 
occurs in all the lithological etations where that gas occurs. 
Sulphur exiete in three modifientions, viz., (1) in ciystals 
helouging to the triraetric or rhombic system, (2) in aci- 
cular cryatale helongiog to the triciinic syetem, and (3) 
in an amorphous state. The first and third only are found 
native. The most common form of crystal is the right 
rhomboidal octahedron, represented in Fig. 21, Plate I. ; 
but upwards of 40 other forms (moat of which are derived 
from the octahedron by the truncation of the solid angles and 
edges) have been described hy Prof. Maravigna. The 
reason why the second modifieoti on does not occur in nature 
is, that it remains atahle only at about the temperature of 
231° F., and that when the temperature la reduced much 
below this point it is transformed into crystals like those 
found in native sulphur. The localities from whence 
native sulphur ia obtained are alwaya rauoh helow 231°. 
The amorphoua form is the most abundantly met with, 
either as compact maaaea, small fragments, small grains 
disseminated in other minerals, or a yellow slightly adhe- 
rent powder lining cavities in lavas. 

Sulphur, when pure, ia of n yellow or honey-yellow 
coloar ; very fragile ; and breaks with a couchoidal 
fracture, and a vitreous or resinous lustre. It ia generally 
more or leaa translucid, hut sometimes may he quite 
opaque. Ita sp. gr. is 2-1 (23,473), which is rather higher 
than that of molten sulphnr ; ita ap. lit., ■202ti (-0295) ; 
its index of refraction, 2'llfi (8079) ; and the angle of 
the optic axes from 70° to 7^. It fuaea at about 231° 
into a transparent citron yellow fluid, which on farther 
heating to 310° becomes slightly viacid, and changes to a 
brownish colour. At 428° it is blackish -brown and semi- 
solid ; and at 752°, in a closed vessel, it melts, boils, and 
gives off an orange-red vapour. When this is quickly 
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ecmdensed it fomiB flowers of Bolphnr, which is the eUte 
in which it ocean in Tolcanic lavas. Its streak is yellow, 
sad sometimes reddish or greenish. Sulphur possesses 
a slight taste, and a slight odour when ruhbed ; it is very 
combmtibley and in combining with oxygen forms snl- 
phnrons acid, which bums with a bluish flame, and gives 
off acrid soffocating fumes; it is a bad conductor of heat 
and electricity, and has a specific magnetic power of 
— 1*221, water being unity. It is soluble in bisulphide 
of carbon, chloride of sulphur, benzene, naphtha, the fatty 
oils, on of turpentine, Ac, ; but insoluble in water. 

The principal deposits of sulphur are associated either 
wiihr active volcanoes or beds of gypsum. Nearly every 
active volcanic region yields it in greater or less abundance. 
The larger proportion of the native sulphur of commerce 
is brought from the volcanic districts of Sicily, Solfatara 
near Naples, and the crater of Vulcano one of the Lipari 
Islands. The more important additional localities are Ice- 
land, Teneriffe, New Zealand, and Java, in connection 
with volcanoes; and at Conil near Cadiz, Bex in 
Switzerland, Oracow in Poland, and elsewhere in con- 
nection with gypseous beds. There are also extensive 
sulphur mines in Formosa, and Persia. It would be im- 
practicable to mention all the localities where small 
quantities of sulphur are found, but Poldice and Nan- 
giies mines in Cornwall, Bole Hill in Derbyshire, Dufton 
in Westmoreland, Alston in Cumberland, Brook-lodge 
in Galway, and Castle Cara in Mayo, are a few of the 
best known. 

It is hardly known in the older volcanic rocks, and is 
rarely met with in the older metamorphic rocks ; but when 
it does occur is usually in a granular form, in the 
most quartzose rocks, such as quartzite, mica-schist, 
itacolumite, porphyry : but it also exists in metamorphic 
limestones, such as the saccharoidal marble of Carrara. 
The largest deposits of sulphur are confined to the 
more recent sedimentary strata, and are especially asso- 
ciUed with the gypsum, limestones, and marls of the 
saMferous deposits, and with similar lOcks oi \.\i^ V.^\\!\vs.^^ 

E 3 



SS METALLOIDS : EELESIUM. ^ 

carboniferons, and silurian epochs. It is frequently met 
with near thermal waters holdiog Bulphur compound* 
in. Bolution, and arieea from tlie decompOBition either 
of Bulphuretted hydrogen by the combined action of 
heat and oxygen, or of sulphates by varions reducing 
agents, but mainly organic matter. Its occurrence iu 
marflhes, ponds, and other places where animal and 
vegetable matter is decomposing is due to a similar 
action. It is frequently met with in metaUiferous veins, 
especially those containing copper pyrites, galena, and gold. 
Sulphur combines with uumeroua elements, forming a 
claas of substances Imown as sulphides, which have many 
resemblances to the oxides, and are formed directly either 
by combination at somewhat high temperatures, or by the 
action of metals on sulphuretted hydrogen both at ordi- 
nary and high temperatures. 

Selebicm. (Se. Atomic weight, 79'5.) 
This is a metalloid which has a close resemblance to 
Bulphur in many of its physical properties, and in ita 
chemical behaviour. It is much more rare, and indeed 
it is doubtful if it has been found native. Del Rio says 
he Bflw it at Culebras in Mexico, and Professor Napoli 
saya it has been found in the Vesuvian lava. It is usually 
associated with sulphur, with which it appears to form an 
alloy of an orange-yellow colour, and occurs amongst the 
volcanic products of the crater of Vulcano in the Liparl 
Islands, and of Kilauea in the Sandwich Islands ; it also 
occurs in iron pyrites and in coal. The crystals are 
triclinic. 

Selenium is solid at the ordinary temperature ; and 
when heated undergoes modifications according to the 
temperatnre. When melted and cooled suddenly it forms 
a blackish mass of ap. gr. 4-28 (47,481), which is trans- 
parent in thin plates, and red by transmitted light ; 
when cooled slowly it forms a mass having a sp. gr. 
of 4'8 (49,664), and a greyish colour. It fuses at about 
422' P., and burns with a reddish -blue flame, giving rise 
gaseous oxide of selenium, ivbioh is at once recog- 
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niBed by its peculiar odoar of horseradish. Seleniam 
is brittle, inodorous, and insipid. It is a bad conductor 
of heat and electricity; is insoluble in water, but soluble 
in bisulphide of carbon and the fatty oils. It tinges the 
btewpipe flame of a light blue colour. 

Tellurium. (Te. Atomic weight, 128.) 

The only known localities for this metal are at the 
Maria Loretto mine, near Zaiathna, and at one or two 
other places in Transylvania, where it occurs in small 
granular masses in quartzose veins traversing sandstone. 
It was formerly abundant, and was smelted for the sake 
of the gold it contained. The crystals are sometimes 
found lining the geodic cavities of quartz, and associated 
with other crystals of gold and hyaline quartz. They 
are hexagonal prisms, having the terminal edges truncated. 
The cleavage is parallel to the faces of the prism. The 
sp. gr. varies from 6-1 (68,186) to 6-3 (70,421). It is 
brittle, of a white or pale grey colour, and readily fuses 
before the blowpipe, when it burns with a greenish flame, 
and volatilises in a white inodorous vapour. 

It is soluble in acetic, hydrochloric, and concentrated 
sulphuric acids. The specific heat is '0473 ('0069)^ It 
is so bad a conductor of electricity, that it ranks with 
dielectrics or insulators rather than with the conductors, 
to which group most metals belong. 

Arsenic. (As. Atomic weight, 75.) 

This metal is frequent in nature, either in a free state 
or in combination. It occurs in the ferruginous deposits 
from mineral waters, most iron ores, and in sulphur. In 
minute quantities it appears to be very widely diffused. 
It is usually granular, but sometimes it forms rhombohedral 
crystals, closely resembling those of tellurium and anti- 
mony. By cleavage the octahedron with a rhombic 
base can be obtained, which is the primary crystalline 
form of sulphur. The crystals of arsenic form acute 
truncated rhombohedrons of 86° 4'. Arsenic, like many 
of the elements already described, \iaa \l6 ^SioVto^vi. ^o^- 
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ditioDB, dopeniling upon the ciromnstaiices under which it 
is Bolidified. When condenaed in vapour of orBQnic, and 
near its fusing point, it forms el compact white maoa which 
retains its form when exposed to the air ; hut when it is 
mixed with other gases, and ia condensed at a temperature 
much helow its fusing point, it forma a grey powder which 
rapidly oxidises in the air. Its specific gravity is leas 
than that of the compact variety. Native arsenic is gene- 
rally amorphous, and varies in texture from fine-grained 
to compact. It is steel-grey in colour, very hrittle, of a 
brilliant lustre on the fresh snrfacee, which soon tarnish 
and blacken in the air, while in water the whole mass is 
filowly converted into arsenioua oxido. When heated, it 
emits a strong odour of garlic. Its specific boat ia 
■8140 (■239). It never forms veins, but ia frequently met 
with in veins containing sulphide of silver, grey copper, 
galena, and especially arsenical nickel and arsenical 
cobalt. In Norway oryatallised beryls are embedded in 
arsenic. 

It forma aUoys with many of the metals, amongst 
which is the native AllejnontiU, which ia found at AHo- 
mont in the department of IsSre, at Andioasberg, 
Przibram, and other localities. It occura in veins 
traversing gnei9S.and is geaerally associated with native 
antimony and antimony ores. In external appearance 
it lesemhlee native oraenjc. 

Antlmoky, (Sb. Atomic weight, 133.) 

It resembles arsenic in many of its properties, both 
chemical and phyaical. It is rarely found native, but ia 
moat abundant as a anlphide. It crystallizea in acute 
rhombohedrona, having au angle of 87° 35'. The prin- 
cipal cleavages are the same as in the crystals of arsenic, 
60 tliat from the rhombohedrona we may obtain cryatala 
closely resembling the octahedral form of sulphur. It 
occurs in veins traversing gneiss, especially such as con- 
tain arsenical orca. The colour is silver white, the lustre 
high, the fracture varies from laminated to granular, ond 
the specific gravity from G'T (74,802) to 6'8 (7G,000). It 
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fbses at 778° F., oxidises when melted in presence of air, 
bat not at ordinary temperatares. It is very brittle, and 
has a hardness of 3* or 3*5. There are two or three alio- 
tropic forms known to the chemist, which vary considerably 
in density, and are obtained under different circumstances. 
The changes which one of these allotropic forms undergoes 
is very similar to what occurs in sulphur, selenium, and 
some of the metals. The specific heat of antimony is 
•05077 (-0073). 

Bismuth. (Bi. Atomic weight, 210.) 

When pure it resembles antimony, but may be at once 
distinguished by its roseate tinge. It forms crystals 
which, at first sight, appear to be cubes, but which are 
really acute rhombohedrons, having an angle of 87° 40^, 
and a principal axis which is to the secondary axes as 
1*305 to unity. It has also been found in octahedral and 
tetrahedral crystals. Its cleavages are nearly the same 
as those of antimony. Crystals, however, are rare, the 
usual form being feathery and dendritic aggregations. The 
hardness of bismuth is 2*5, and the density varies from 
9*6 (107,308) to 9*8 (109,504). This variation is due to 
a different molecular condition. Thus, cast bismuth has a 
specific gravity of 9*86, but when subjected to a pressure, 
its density is lessened. In one experiment a pressure of 
200,000 lbs. reduced the specific gravity to 9*55 (106,749). 
Bismuth is soft, sectile, brittle when cold, but slightly 
malleable when heated. It melts at about 507° F., so 
that it is readily fusible by the blow-pipe. It vola- 
tilises in dense white fumes ; it expands when passing 
from the liquid to the solid form, and, as it imparts 
the same property to many of its alloys, they are fre- 
quently employed in cases where sharp impressions are 
wanted in cast metal, especially in lypefounding. One 
of its principal uses is for making the iolder employed by 
plumbers, which is composed of one part of bismuth, five 
parts of lead, and three of tin. It also enters into the 
composition of " fusible metal," of which the spoons are 
made that melt when placed in hot tea. T\i\«\«.\^.erL ^^^^ 
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18 composed of two parts of liismutb, one of lead, aod one 
of tin, and melts at 200 F. Its melting-point may be atill 
farther reduced by tte addition of a little mercnry. Bia- 
mnth remains unaltered ia dry or moist air, but is slowly 
oxidised nuder similar circnmstances when in contact with 
water. It bams with a biaish flame in air, and decom- 
poses water at high temperatnrea. It is readily aftackeil 
I'V niuic ncid, bnt not by Bulphnric or hydrochioric acids. 
Native bismuth ia seldom pure, and usually contains small 
quantities of arsenic, tellurium, selenium, and sulphur, 
with which it forms alloys. It is found in a clay elato 
and gneiss (associated witb silver, lead, Einc, cobalt, or 
nickel), in several localities, as for instance, Cornwall, 
Cumberland, Saxony,Bohemia,CarintbiH, Norway, Sweden, 
and Bolivia. In the last-named country it is associated 
with crystals of gold. The richest mines are those of 
Saxony ; but a vein, three feet wide, has been opened in 
the Atlas mine, Devonshire, which consists of i^ part by 
weight of bismntli. 

MaUomie is a nntive gold-bismuth alloy. Teiradi/mile 
is a aecond native alloy composed of variable proportions 
of bismuth and tellurium. Its crystalline form is that of 
an. acute rhombohcdron, and its crystals are often aggre- 
gated into groups of four, from which circumstance it 
derives its name. It is similar in colour to lead or tin, 
soft and flexible ia thin slices, easily fusihie by the blow- 
pipe, and, when, heated in the air, gives off fumes of 
telluric oxide. Some of the varieties contain selenium, 
and give off the pecnhar odour of oxide of selenium. The 
specific gravity is 7'i (82,717), and in some instances 
even higher. There are several varieties, but the prin- 
cipal three are those which contain — (1) sulphur only 
as a secondary constituent ; (2) sulphur and selenium ; and 
"mr, selenium, and silver. Tetradymite is rare ; 
TB in fissures in a tracbytic conglomerate in Hun- 
'n sacchaToidal limestone in Brazil ; associated with 
inite and chalcopyrite in Norway ; in copper lodes, 
and under similar ciroum- 
According to Balch, the 
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tellar-biBmuth from Dahlonega, Georgia, U. S., is a 
definite chemical compound and not an alloy. 

Tin. .(Sn. Atomic weight, 118.) 

The solid elements which have already been described 
in this chapter, are linked together by certain characters 
which distingnish them as a gronp from those which we 
are about to notice ; the most prominent amongst these 
are brittleness combined with comparatively low specific 
gravities, ready fusibility, feeble conductivity of electricity, 
and Bomewhat similar crystalline form, combined with 
similar chemical behaviour. It is doubtful if tin docs 
occnr native. It is said to have been met with in the 
Cornish tin mines ; in the auriferous sands of Miask, 
Siberia, where it is mixed with small quantities of lead ; 
and in French Guiana. It is a white metal, sometimes 
slightly tinged yellow ; but readily tarnishes in air, and 
becomes bluish grey. Beyond this it is scarcely affected 
by exposure to the atmosphere or moisture. When 
rubbed it emits a peculiar odour. It is brittle near its 
fusing point, but possesses a moderate degree of tenacity 
and ductility at ordinary temperatures. It conducts elec- 
tricity and heat ; but there are many metals which are 
superior to it in these points. It crystallises in small octa- 
hedrons with a square base truncated on the basal edges ; 
and these are frequently aggregated in linear or dendritic 
groups. Its sp. gr. is 7*292 (81,619), and sp. ht., -0562 
(•0082). It is strongly affected by dilute, but not at all by 
concentrated, nitric acid. Hydrochloric acid dissolves it 
with evolution of hydrogen. Hot sulphuric acid, but not 
cold, combines with it to form a sulphate. The fused 
alkalies oxidise tin, hydrogen being evolved. The prin- 
cipal tin mines are in Cornwall, Bancs, Malacca, Saxony, 
and Austria, the chief ore being the oxide or casstterite. 
It is used as a coating for the protection of other metals, 
such as copper and iron, and as tin-foil. When alloyed 
with mercury it forms the tin amalgam used for covering 
the backs of the glass in mirrors. 
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SiLVBR, (Ag. Atomic weight, 108.) 
Silver, which is found almost pare in nature, is whito 
and malleable ; rather harder than gold, but softer than 
copper ; teuacious ; ductile ; with a 8p. gr. of from lO'S 
(116,123) to 10-5 (117,369), and a hardneBS of 2-5. It 
does not ostdiso at ordinary temperatures, but D\ving to 
ita strong affinity for salphur it is liable to become tar- 
nished, especially when it is situated near 
ities in veins, or when it lies near the 
Burfaee of the earth; theBtreak,howover, 
is always silver white. The crystals, 
which belong to the monometric or 
' regular syBtem, are uaualiy octahedrons 
(Fig, 31),without any apparent cleavage; 
^' ■ they are often aggregated into mossy, 

arboreacent, or filamentary masses, and occasionally into 
solid blocks of great weight. The mines at Kongsberg, in 
Norway, now under water, formerly yielded a block weigh- 
ing 500 lbs. ; a vein at Schneeberg, in Saxony, yielded a 
mass which, when smelted, produced 44,000 ibs. of pure 
metal; and the minea of Huantaja, in Peru, have afforded 
a specimen weighing over 8 cwt. The native copper of the 
Lnko Superior district is frequently penetrated by veins and 
threadB of almost pure silver. The most common gangues 
fur silver are oalcspar, quartz, and barytine. It is nearly 
always accompanied by some silver-compound, espeeially 
sulphide of silver (argenlite). It occurs ia thin lamiuse 
in fossil wood, under circumatances which seem to indicate 
that it has been reduced from the sulphide. Small quan- 
tities of silver have been found in Cornwall, and, indeed, 
in almost every country where metamorphic rookB abound. 
At one time a considerable quantity waa raised in Scot- 
land, and converted into coins ; and some of the lead and 
copper mines of France still yield a good deal of eilver. 
The European silver ores are generally richer than those 
of South America; but the latter are the more productive 
on account of their greater abundance, and the larger 
sca)e on which they can be worked. Most of the richest 
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Bilyer mines occur in Mexico, Pern, and Chili, where 
thousands of veins intersect the rocks. The most remark- 
able is that of Gnanaxuato, which has a thickness of 
150 feety and is worked along a length of eight or nine 
miles. The Potosi mine, in Bolivia, was formerly the 
richest in the world ; but the richness of its veins has 
lately flallen off considerably. The Guanaznato vein 
has been eclipsed by the Comstock lode. About 
12,000,000 lbs. of silver are annually obtained. 

Lead. (Pb. Atomic weight, 207.) 

It ];)ossesse8 a highly metallic lustre, considerable mal- 
leability and ductility, but little tenacity. In the presence 
of air and water it combines with oxygen to form the oxide, 
and consequently it readily tarnishes when exposed to the 
atmosphere. Its specific gravity has been stated at from 
11-33 (126,646) to 11-44 (127,876) by various observers; 
As specific heat is -0304 (-00443) ; and its melting-point 
620*^ F. It is a feeble conductor of heat and electricity 
It crystallizes in regular octahedrons, which are sometimes 
implanted on one another so as to resemble four-sided 
pyramids ; and it also occurs in dendritic masses, small 
grains, and laminae. Lead occurs but rarely in the native 
state, and is nearly always associated, either with the 
sulphide (galena) or with the oxide, from which it has 
probably been reduced. NOggerath reports its existence 
in a granular fossiliferous limestone at Zomelahuacan, 
Vera Cruz ; Jenzsch, in the amygdaloid near Weissig ; 
Hingenau, in the gold region near Mount Alatau and 
Ekatherinenburg ; Eeichenbach, in basaltic tuff at Eaut- 
enburg, Moravia, and other observers at other localities. 
Hydrochloric and sulphurous acids do not act on it when 
cold, and only slightly when hot ; dilute nitric acid forms 
the nitrate with evolution of binoxide of nitrogen ; acetic 
acid rapidly attacks it in air ; and the alkalies do not affect 
it. It emits a dull sound when a lump is struck by a 
hammer, but is sonorous when a mushroom-shaped piece is 
struck. It forms alloys with nearly all metals, and combines 
directly with sulphur, phosphorus, selemwrn^ «sA «t^^\^ia. 
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Mercury. (Hg. Atomic weight, 200. QuiekBilver.) 
At ordinary temperatures it is fluid, a character which 
no other metal poMeHBea, The uanal properties of a metal 
are, however, highly developed in it, and when solid ithas 
much reBemhlaiice to silver, especially in ilo high metallic 
lustre, ductility, malleabiUty, its capability of being cut 
with a knife, its granular fracture, and its high degree of 
conduotibility of heat and electricity. It crystallizes in 
octahedrons and needloa. It solidifies at — 39" F., and 
boilfl at about 650°. Its speciflo gravity is about 1360 
(152,020) at 50°, and about 15-6 (174,376) when eoUd. 
It is unaltered by contact with oxygen, air, hydrogen or 
nitrogen, or when treated with hydrochloric acid ; and it is 
slightly soluble in boiling water, nitric acid, and dilute 
sulphuric acid. It is often found native, either as globules 
disseminated through its ores, or in rocks containing them. 
It occurs in amalgams of silver and gold, and as iodide, 
chloride, selenide, and sulphide. The last, or cinnabar, ia 
the moat abundant, and the native metal is usually nsso- 
ciated with this ore under cirouraBtances which seem to 
indicate that it has been reiiuced from the sulphide. It 
occuTB in numerous locnliticfl in Franco, Spain, Bohemia, 
Hungary, Chili, Mexico, Siberia, &c. 

Mercury readily combines with most of the other metals, 
and the compounds thus formed are called amalgams. Tho 
amalgams with the heavy elements are generally easy of 
decomposition, and hence it is exceedingly useful for the 
extraction of gold and silver from their ores or matrices. 
The mercury picks up the almost invisible specks of gold, 
and in this way the gold is concentrated into a compara- 
tively small apace. By heating the amalgam the mercury 
is driven off and the gold ia separated in a nearly pure 

Only two native amalgams are known, viz., those with 
silver and gold. Ab in all alloys the proportions of the 
constituents vary, and the properties of a specimen will 
vary according aa the silver, the gold, or the mercury 
predomiuateB. When the silver is the principal ingredient, 
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the compound is called arquerite; but when the mercuiy 
prevails^ it is called native amalgam. In arquerite having 
the composition Hg Ag,, (= Ag 86*5 and Hg 13*5), 
the hardness is about 2 or 2*5, the specific gravity lO'S 
(120,712), and the predominant crystalline form the octa- 
hedron ; but it frequently occurs in dendritic masses. In 
native amalgams having the composition Hg, Ag, the 
hardness is about 3, the specific gravity about 14, and 
the predominant crystalline form is the rhombododecahe- 
dron. Native amalgam, however, varies in hardness and 
specific gravity, and is met with in other forms belonging 
to the regular system ; such as the cube, the regular octa- 
hedron, the leucitohedron, a pyramidal octahedron, a py- 
ramidal cube, and a scalenohedron. Beautiful crystals are 
found at Morsfield and Moschel-Landsberg ; at Szlana, 
Hungary ; Almaden, Spain, and at a few localities in 
France and Siberia. They usually accompany the sul- 
phides of silver and mercury. 

The gold amalgams are also variable in composition and 
properties. Some small yellow crystals found in mercury 
at Mariposa, in California, had a composition answering to 
Aujj Hg„ and a specific gravity of 1547 (172,923). A 
gold amalgam has also been found at Choco, in New 
Granada, having a somewhat different composition. 

Copper. (Cu. Atomic weight, 63*4.) 

This metal appears to be widely distributed through 
nature ; and, if some authorities are to be believed, there 
is scarcely anything in which it may not be found, from 
animals and plants to sea-water, cheese, milk, iron ore, 
(fee. In many cases the copper found would appear to 
have been contained in the brass nozzle of the blowpipe, 
and not in the substance in which it was sought to be 
detected. W. Lessen failed in seeing any signs of its 
presence in numerous animal substances, when he used a 
glass nozzle. The following statement as to its distribution 
must, therefore, be considered as not entirely free from 
doubt. It occurs in all iron soils and ferruginous mineral 
waters ; as also in some meteoric irons ; iiv ti[i^ \A.qq^ ^^ 
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some of tlie mollasca, such as the cephalopode, and of sonio 
of the cruBtacsa, bucU as Limvius, and in the blood and 
liver of some of the higher vertebrated animals. Like 
moBt of the native metals it crj-atalliseB in (he monometric 
system. Tbe dodecahedron is the predominant form in 
the Lake Superior district, where crystals of this form 
occur aa much as 1 inch in diameter. The dendritin 
forma are frequently aggregations of octahedrons. Large 
masses of this kind are frequent aa ramifications through 
certain rocks ; they are generally covered with a auper- 
ficial coating of greenish carbonate of copper. Siberia 
and Oornwdl are the principal localities from whence the 
best cabinet specimens have been obtained, but Brazil 
and the Lake Superior district have afforded the largest 
masaea. For instance, one block has been obtained from the 
last -mention ad district weighing 3,704 lbs. ; while another, 
fonnd in the Minnesota mine, was 46 ft. long, had aa 
estimated weight of 400 tons, and contained 90 per cent, 
of pure metal. It is very common for the copper about 
Lake Superior to be penetrated by threads and aoaftered 
grains of pure silver ; the same is also the esse with the 
copper from some other countries, as in that from Chili, 
which occasionally containa as much as 7 or 8 per cent, 
of silver. 

Copper is one of the tongheat, most malleable, moat 
ductile, andjnoat tenacious of the metala, and is inferior to 
silver only as a conductor of electricity and heat. It has 
a nauseous taste, and emits a disagreeable odour wben 
■■ubbed. Its specific gravity in the beat formed cryalala 
IS about 8-94 (99,031), which is that of the purest com- 
Liercia] copper when fused and solidified out of contact 
with air. When copper is solidified in contact willi 
air, it baa a tendency to become vesicular, and, conse- 
quently, may have a specific gravity aa low na G or 7. 
The specific heat of pure copper is "095 (Regnanlt) 
("014), and the fusing point ia variously stated at 
from about 1500" P. (Pouiliet) to about 253S" F. 
(Dauiell), It has lesa affinity for oxygen than iron, and 
combines with it when dry at a temperature near red 
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heat. In damp air, however, it is readily oxidised at 
ordinary temperatures, and the oxide formed com* 
bines with carhonic acid and yields the green carho- 
nate. The weaker acids have little effect on copper, 
onleas they are assisted by the presence of the air; 
hydrochloric acid dissolves it when boiled, but not when 
odld; weak nitric acid acts rapidly on it, forming the 
nitrate, but strong nitric acid has scarcely any effect. 
Hot sulphuric acid unites with the oxide formed, and 
beoooQies the sulphate. Alkaline and saline solutions 
oxidise it in the presence of air. It combines directly 
with mercury at ordinary temperatures, and with all the 
other metals at a red heat, as also with bromine, iodine, 
sulphur, selenium, and silicium. Ammonia, in the pre- 
sence of a small quantity of air, slowly dissolves it, and 
forms a colourless solution of the suboxide of copper, but 
with more air a blue solution of the protoxide is formed. 

Ck>pper appears to have been one of the earliest 
metals used by man. In North America, where the 
native metal is so abundant, numbers of weapons have 
been found which are formed from the native metal by 
hammering, and traces yet remain of the excavations 
made by the natives in some of the copper lodes. These 
excavations are of great antiquity, since on the rubbish 
heaps thrown out in making the excavations, large trees 
are growing, whose age is calculated at about four hun- 
dred years, while the trenches themselves are almost 
filled up with vegetable mould containing traces of the 
trunks of former generations of trees, associated with the 
mining implements of the natives, and supporting living 
trees of considerable ages. The knowledge of melting 
copper and alloying it with tin, for the purpose of hardening 
it, appears to have been limited to one or two only of the 
American tribes. In Western Europe, however, copper 
was probably used from the first to form bronze. At any 
rate, all the old weapons of the Eomans, Gauls, and other 
nations existing in Western Europe prior to the Christian 
era, which contained copper, were largely alloyed 
with tin. 



Ieon. (Fe. Atomic weight, 56.) 

This ifl tho moet useful of all the metala, and it ia tha 
mQBt abundant of them. In its purest slate it has a close 
resemblance to pure copper in many of its properties ; 
thuH it is exceedingly tenacious, softer than ordinary 
malleable iron, and the fracture is scaly and slightly 
granular. The malleabihty and hardness are not altered 
by heating it to redness, and suddenly cooling it. But 
there is this remarkable difference, that whereas a small 
percentage of carbon has scarcely any inflnence on the 
properties of copper, it has a marked inflnence on thoso of 
iron; and it happens that nearly all iron, whether com- 
mercial or native, contains more or less carbon, as alao 
other impurities, which tend to modify its properties. 
Native iron is far more rare than native copper, in conse- 
quence of its stronger aflinity for oxyg'en ; it occurs iu 
greatest abundance as meteoric iron. Its compounds, 
however, are widely distributed, and occur almost every- 
where ; but they are most abundantly developed in the 
oldest rocks, viz., those belonging to the Laurentian and 
Huronian aeries. 

The remarkable effect of small quantities of carbon 
and other impurities imparts to it that varied range of 
properties which renders it so naefol, hut this variability 
renders a description of tho properties of native iron diffi- 
cult. We will, however, notice those of malleable iron, 
in order that they may be compared with the iron of 
meteorites. Malleable iron is far more malleable, tena- 
cious, or tough, than cast iron ; it is softer, and requires 
a higher temperature to fuse it. It possesses a grey 
colour, having a bluish or blackish tinge ; a specific 
gravity varying from 7-3 (81,589) to 7-9 (88,306), and a 
specific heat of -113 (Eegnault) {-016). Pure iron may 
be rendered magnetic, but it retains its magnetism less 
easily than malleable iron, which, in its tarn, is more 
easily magnetised and demagnetised than steel. Tho 
hardness of malleable iron varies considerably ; and it ia 
hut slightly increased by the sudden cooling of the red 
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hot metaly bat the effect is greater in proportion as the 
amonnt of carbon is greater. Pare iron is too soft to 
reaist the friction to which ordinary machinery is liable. 
Malleftble iron iindergoes no change either in dry air or 
in water free from air, bnt when moisture and air are 
combined it is rapidly oxidised by them, and still more 
rapidly when carbonic acid or saline substances in solution 
are also present. When malleable iron contains much 
more than *5 per cent, of carbon, it approaches steel in 
its properties; and when it amounts to 4 or 5 per cent., 
the metal becomes brittle, and easily fusible, as in cast- 
iron. 

There are two varieties of native iron, known as (1), 
tellnric, and (2), meteoric iron. The first is very rare, 
but has been found in nodular and stalactitic masses in the 
midst of oxide of iron minerals at Gross Eamsdorf and 
Eibenstock, in Saxony ; in a vein near Allemont ; in tho 
ashes of some volcanoes ; and in a thread two inches wide, 
and traversing mica-slate, at Canaan, in Connecticut. These 
contain scarcely any carbon, but others have contained so 
much as to present a steely character. To this latter 
class belong the specimens found at Labouiche, near 
Neris, in the department of the Allier, where it occurs in 
the midst of rocks which have been altered by the com- 
bustion of a stratum of coal. The term telluric refers to 
their mundane origin to distinguish them from the fol- 
lowing variety of iron, which is generally admitted to 
have a non -terrestrial origin. 

Some specimens of this class have been seen to fall 
from the air under circumstances which seem to show 
that they have come from interplanetary space. They 
are sometimes almost entirely composed of metal, while in 
others they consist partly of iron, and partly of a stony 
matter resembling peridote. The iron is in some cases 
sufficiently malleable to be welded into a sword, but in 
others it is too brittle to be so treated. It usually has 
most of the properties of ordinary bar iron. One amongst 
several peculiarities is, that it is generally alloyed with a 
larger proDortion of nickel, and may conlaiti «t^o\vi\^^^^^^ 
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jropOT^oa of ailicon, accompanied by n very Boiall pro- 
portion of carbon. These characters are not met with in 
commercial iron, and hence the raosaes having thoao 
characters found in the gronnd in places far distant from 
large towns and iron mannfactories, are generally inferred 
to have fallen at some former period, although there is no 
direct evidence on tho point. 

This nickeliferona or meteoric iron ia remarkable for 
the parallel strise, or Widmannst&tten figures as they are 
termed, which are seen when a polished Eurface has been 
acted on with an acid. The strice are gronped in triangles, 
representing the faces of the octahedron, which is one of 
the forms assamed by orystalliaed iron. When ordinary 
iron ia fused in an ordinary fnruace, cooled, polished, and 
treated with acid, tiieae figures do not appear ; hut when 
it has been fused at a higher temperature, along with a 
email proportion of phosphide of iron, these figures can be 
obtained. They are generally thought to be due to the 
presence of nictcel, but there are a few irons, such as tlioae 
found at Greenville, in Tennessee, and Claiborne, in 
Alabama, which contain from 9 to 12 per cent, of nickel, 
and yet do not show these fignras. There ia a splendid 
collection of meteoric irons, or aerosideritea, in the British 
Musenm, comprising 80 specimens, varying from less tbnu 
nn ounce to 8,200 lbs. in weight. The most interesting 
masses are the following; — The mass, weighing 75 lbs., 
which fell at Hraschina, near Agram, Croatia, in 1751 ; 
those which fell at Braunau, Bohemia, in 18i7, weighing 
33 lbs. and 4G lbs. ; thot found by Pallas on the top of a 
monntnin near Krasnojarak, Siberia, with a weight of 
1,600 lbs. ; that found by Brard at Caille, near Grasse, in 
the Var department, France ; the four enormous masaea 
found in America, viz., one weighing 3,300 lbs, found in 
Louisiana ; a second, weighing 16,000 lbs., found at Bahia, 
Brazil ; a third, found at Otumba, in Peru, which weighed 
originally 33,000 lbs. ; and a fourth, found near Durango, 
in Mexico, and weighing 44,0001bs. We may also notice 
iha ipecimen found in 1861 pear Melbourne, Anatralia, 
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hATiug A weight of 8,200 lbs. NickeliferonB iron alio 
toxmB a coDBtitnent of many of the meteoric stones. 

Palladium. (Pd. Atomic weight, 106.) 

In colonr it is intermediate Letween the grey of pla- 
tinum and the white of silver. Its crystalline form pro- 
bably belongs to the regular system, since Haidinger has 
found it occurring native in minute octahedrons ; but it 
is said also to have been found in six-sided tables, easily 
deavable parallel to their faces. It is most generally met 
with in small flattish grains, which have a fibrous radiated 
structure, in the platiniferous sands of Brazil. It is found 
associated with gold at Tilkerode, in the Harz; at 
Zacotinga and Oondonga, Brazil ; and at Porpcz, in South 
America. Its hardness is equal to 5, or about that of 
platinum; it is rather less ductile than platinum, and 
malleable. It is fused with difficulty by the strongest 
forge fire, but easily by the oxyhydrogen blowpipe. If 
mixed with sulphur it can be fused at a much lower 
temperature. It oxidises at lower temperatures than 
silver, and slowly tarnishes in air ; but it is not affected 
by sulphur compounds. When solidifying it spits like 
silver. It is more or less soluble in strong hydrochloric, 
sulphuric, nitric, and nitro -muriatic acids ; and most 
readily in the latter two. A highly polished cup of this 
metal, weighing upwards of 3 lbs., is in the possession of the 
French crown. One of the alloys with gold is used for 
the graduated part of astronomical instruments. 

Gold. (Au. Atomic weight, 197.) 

Gold is mostly found in the native state, the only ex- 
ceptions being the gold amalgam found in America, which 
scarcely appears to deserve the name of a chemical com- 
pound, and the alloys with silver, tellurium, &o. Nearly 
aU the native gold contains more or less silver, in propor- 
tions varying from a fraction to 36 or 38 percent. 

The sp. gr. of pure gold varies from 19*25 (215, 176) 
to 19-36 (216, 496). Gold possesses most of the pro- 
perties characteristic of a metal exceedxaglyv^xn'Ou^t^^ 
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It is BO isalleAble that it can be beaten out into lenves bo 
thin that 1,000 of them would not exceed a sheet of ordi- 
nary writing-papsr in thicknesB ; go ductile that a Biogle 
grain weight may be drawn into a wire 600 feet long ; 
and BO soft tliat it can be cut nlmoat as easily as lead. In 
fi thick maBB it is opaque and yellow ; when es thin oa 
gold-leaf, it is somewhat truuBlucent, and of a greenish 
colour by trsBBmitted light ; and when reduced to an im- 
palpably fine powder, it is of a ruby red colour. It ia 
volatilised by the heat of an ordinary muffle furnace, and 
fuses probably at a tRmperature of about 2,200° F. It U 
not oxidised or tarnished by air, and is insoluble in all acid ^ 
but aqua regia, i.e., nitro-muriatic acid. It is readily acted 
oa by chlorine, which converts it into tlie terchloride ; 
and it forma an amalgam with mercury with great facility. 
In most of the gold fields large quantities of mercury are 
used for extracting the gold from the quartzose or earthy 
gangue in which it is found. 

Gold crystalltseB in forms belonging to the monometric 
system, such as cubes and octahedrons, but these are rarely 
found. It occurs in three different groups of lithological 
sitoatioDs — viz. (1) veins in metamotphic rocks, especially 
Buch as are associated with dioritea, porphyries, and 
serpen tine a ; (2) in small threads traversing the qiiartz- 
OBB veins of the mora highly crystalline rocks ; and (3) 
in grains and nodules in the soils partially filling up tho 
valleys between hiUa of melamorpbie rocks, and derived 
from them by degradation. It is most abundant in the 
first and third kinds of localitieB ; and in the latter kind it 
is generally more abundant near the bottom of the drifts 
in the higher parts of the valley, than in the correBpond- 
ing situationa in the lowest parts of the valleys. In the 
first kind of locality it ia usually accompanied by haematite, 
iron pyrites, and a few other sulpbidea ; and in the drifts 
it has been frequently noticed that the most ferruginous 
arc the most auriferous. AH the schistoBe rocks contain 
gold, and generally those which contain most iron and 
manganese oxides are the richest in gold. 

Jji Hungary and Mexico gold is associated wilh thq 
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BulphideB of silver and copper ; in the Sierra Co9aes of 
Brazil, with grannlar quartz and micaceous hematite ; in 
Merionethshire with iron pyrites and decomposing hlende ; 
in the Harz it is found amongst decomposing iron pyrites; 
in California it occurs in grains, spangles, pepites, and 
nuggets, in alluvial soil, associated with hydrated peroxide 
of iron. Africa, Spain, Greece, Borneo, Sumatra, Cochin 
China, and Siam, also yield gold in considerable quantities. 
In Queen Elizabeth's reign upwards of jK 100,000 worth 
of the metal was obtained from Leadhills in Scotland ; 
Cornwall also yields a little, and Wicklow has been at one 
time a gold field. 

But the most important gold-bearing district is that of 
Australia, which, with North America, yields far more 
than all the other parts of the world put together. The 
principal districts in Australia are those to the west of 
Bathurst, but gold is found almost everywhere in the rocks 
of the great mountain ranges of New South Wales and 
Victoria, and in the alluvial deposits on their flanks. The 
gold producing area has been calculated to be not less 
than 16,000 square miles in extent. 

Several native alloys of gold are known. The alloy of 
gold and silver is called an electrum, and varies considerably 
in its composition. Specimens from Siberia were analysed 
by BUaproth, and were found to contain 64 per cent, gold 
and 36 per cent, silver, corresponding to the formula 
Au. Ag. ; but the proportion varies from 1 to 9 parts of 
gold to 1 of silver. The alloy has been found in 
Columbia, the Ural Mountains, and Brazil. A gold amal- 
gam forms small white globules, accompanying platinum, 
in Columbia and California. An alloy of gold and palla- 
dium has been found at Gongo Socco, in Brazil, contain- 
ing 25 per cent, of palladium ; while another variety, 
containing 86 per cent, of gold, and 10 of palladium, has 
also been found in Brazil. The latter has received the 
name of JPorpezite, Lastly, there is an alloy of gold and 
rhodium found in the platiniferous sand of Ohoco and 
Barbajoa, New Granada, and also in Mexico, 

F 2 
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Platinum. (Pt. Atomic weight, 1974, S^n. Platina.) 
With tlie exception of OBminm and iridinm this metal 
is the heaviest or densest substance known. It is nsunlly 
associated with one or more of the heavier elements, such 
as pallarliom, iridium, rhodium, copper, and iron. It has a 
pale grey colour, and ia usually found in round or flattened 
grains, leas than a pea in size, and having a metallic 
kattc. Its up. gr. varies from nhoat 17 (190,026) in the 
less pure specimens to about 10'5 (217,971) ia those 
which have been purified ; aiid it may be raised to 21'fi 
(239,327) by hammering. When pure it resembles silver 
in colour, but as usunlly met with it is more or leas grey ; 
when pure it is rather softer than silver, and rather herder 
than copper ; but its hardness ia much increased when a 
little iridium ia aUoyed with it. It is exceedingly ductile 
and malleable, and ia not inferior to iron in tenacity. At 
high temperatures it can be welded with great facility. 
Its conducting power for heat aud electricity is high, but 
less than that of silver or gold. It ia with difficulty fused 
at the highest temperatures which man can command, and 
when liquid abflorbe oxygen, which it evolves again on 
solidifying. When a largo quantity ia auddeidy cooled, 
it spita in the same way as silver. When in a very 
porous condition, as in the feebly coherent mass called 
platinum sponge, or in the impalpable powder called plati- 
num hlack, it absorbs aud condenses gases within its pores, 
and in some scarcely understood way heightens their 
chemical affinity. 

Its unaltorability by heat, oxygen, all acida but aqua 
regia, and by moat chemical agents, renders it much 
sought for in the construction of crucibles, stills, evaporat- 
ing dishes, &ti. It ia attacked by caustic alkalies and 
alkaline earths at temperatures above a red heat, as also 
by sulphur, phosphorus, arsenic, chlorine, aud by charcoal 
in the presence of silica. It forms alloys with moet metals. 
Platin\im occurs native in perfect octahedroua and cubes. 
It is not known when platinum was discovered, but UUon, 
a-ho (T-flveJled in America in 1735, was the first to draw 
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general attention to the metal. It was originally found in 
the sands of Chocoand Barbagoa, in South America, and 
afterwards in Brazil and other countries. In 1822 it was 
discovered on the eastern side of the Ural Moimtcdns, and 
this district is the source of the larger proportion of the 
platinum used in commerce, as well as of the most remark- 
able specimens in point of size and weight : one of these, 
in the Demidoff cabinet, weighs 21 lbs. troy, another 
11^ lbs. It has also been foimd in Brazil, Borneo, in 
numerous parts of the U. States, Birmah, in California, 
Canada, the auriferous sands of the Rhine, and in somo of 
the mineral veins of the French Alps. It is usually asso- 
ciated with gold and diamonds in alluvial deposits, and 
when found in its native beds (which are usually situated 
in a quartzose rock, much resembling a sandstone, and 
known as ttacohmite)^ it is also accompanied by diamonds 
and gold. 

Iridosmine. (Newjanskite * Sisserskite.) 

Iridium itself is not known in a native state, but it 
occurs in conjunction with osmium, forming the alloy 
known as iridosmine. It occurs in many platinum ores, 
and sometimes forms the greater proportion of them, as 
in the case of those brought from Katharinenberg, Slatoust, 
and other places in Siberia. It generally forms hard, 
heavy, rounded grains, but sometimes it exists in the 
form of hexagonal prisms. It possesses a metallic lustre, 
a steel grey or tin white colour, and slight malleability ; 
its sp. gr. varies from 19-3 (215,725) to 21-12 (236,079). 
These variations in colour and density result from varia- 
tions in the proportions of the two metals. The variety 
which contains most osmium is steel-grey, and has the 
higher sp. gr. — viz., 21*1 . Haidinger cfiJled it SisterS' 
kite. Another variety consists of equal atomic propor- 
tions of iridium and osmium (Ir. = 47 ; Os. = 49, 
with a little rhodium and iron), and is tin-white in colour, 
while the sp. gr. is 19*5. Haidinger named it ^ew^auv 
kite. 
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Maldonttb. 

A native alloy of gold and bismuth, haying the com- 
position An^ Bi. The hardness is 1*5 to 2 ; the sp. gr. 
between 8 and 10. Colour pinkish white. It is mal- 
leable, and easily fusible by the blowpipe. It was 
found in small piurtides in the quartz of the nuggety 
reef at Maldon, in Victoria. 

Iron. 

Native iron has lately been reported from numerous 
fresh localities, and under such circumstances as to 
narrow the distinctive marks assigned to meteoric irons. 
Thus the large blocks and small pieces foimd at Ovifak, 
in Greenland, are considered to be terrestrial, although 
they show the Widmannstatten figures in all. Thin 
laminsB have been observed in ironstone conglome- 
rate of Brazil, in the lava of Auvergne, and in the 
Keuper sandstone of Thuringia. Metallic grains have 
been met with in pulverized basalts ; and similar graing 
protected by a coating of magnetite have occurred in 
the mica schist of Scotland. Bahr reports grains in 
petrified wood, which are supposed to have been reduced 
from some iron mineral by the deoiddizing action of 
organic matter. 

• PLATINnirDITJM:. 

Small grains containing variable proportions of pla- 
tinum and iridium have been found in Siberia, Ava, 
Brazil, and California. Sometimes they occur in cubes 
with truncated angles, with hardness of 6 to 7, and 
sp. gr. of 22*6. The platinirai vessels used by chemists 
are usually alloyed with iridium, and the new standard 
metre measui-es consist of a platiniridium alloy. 
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CHAPTER IV. 
Absbnides, Sulphides, Telltjbides, aitd Selekides ; 

SIMPLE AND COMPOUND. 

There are three arsenides of copper, which differ from 
one another in their proportion of copper. In Domeykite 
there are three atoms of copper, in Algodonite there are 
six, and in Whitneyite there are nine atoms. They all 
occur either in amorphous or semi-crystalline shapes, and 
possess many properties in common. 

Domeykite. (CujA8=Ca 71-7 and As 28-3.) 

It occurs in reniform, hotryoidal masses, and in a dis- 
seminated state, and is usually of a tin-white colour, 
slightly tarnished with a yellow or an iridescent coating. 
It breaks with an uneven, conchoidal fracture, and easily 
melts before the blow-pipe, which drives off the arsenic 
in fumes having the characteristic garlic odour of that 
element. Its hardness ranges from 3 to 3*5, and it has a 
metallic lustre. It is associated with red copper and 
arseniate of copper, in veins traversing porphyritic rocks 
at Calabazo, in Coquimbo, Chili, and also in argentiferous 
veins at San Antonio, near Copiapo, where it is intimately 
associated with Phillipsite, and accompanies limestone, 
native copper and silver, polybasite, <fcc. 

Condurrite is generally considered to.be domeykite in a 
more or less decomposed state, since scarcely any two 
specimens yield the same results when analysed. It is of 
a brownish -black colour, has a dull lustre, a metallic streak, 
and a specific gravity of from 4*2 (46,94-7) to 6-2 (58,125). 
It appears to consist of an arsenide of copper resembling 
domeykite, and of hydrated arsenite of copper mixed with 
a little manganese, sulphur, and silica. It is found in the 
clayey parts of the veins in the Condurrow and Huel Druid 
mines, Cornwall, and also in Chili. Insoluble in hydra- 
chloric acid. 
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Aloodonitb. (Cu„Aa=Ca 83-5 ; As IG fi.) 
The purest apecimena nre fine-grained, brittle, of a. 
Bfeel-grey colour, and readily tarnish ia the air. The 
fracture is aub-conchoidal, and the sp. gr. 7'603 (84,906). 
According to Gentb, it is derived from Whitne^iU by 
alteration. It -was found ia tlie silver mines of Algo- 
dones, near Coiiuimbo, Chili. 

WnrrsBiiTB. (Oii,Afl=Cu 88'2 ; Ab ll'S. Si/n. 

Darwinitc.) 
Il, IB fiLiely granular, of a reddiah or greyish whitt) 
colour, and haa no hiatre on the fractured atirfacea ; but a 
scratch develops a highly metallic hiatre, which, how- 
ever, soon tarniBbea. Its specific gravity varies from 
8-2 {91,659) to 8'4 (93,895). and its fracture ia subooB- 
ohoidal. Jit is slightly malleable. It baa been found iu 
the Lake Superior disttiet, and California, N. America. 

Ahixmokial Silver. {_Sr/n. Djacrasite.) 
Although thia occura in a definite crystalline form, viz. 
in aix-aided prisma with truncated lateral edges, nnd in 
Boalenohedrona, yet it may eventually prove to be simply 
a solution of one metal in another. It retaiuB some of the 
properties of a metal, aa shown by ita metallic luatre, its 
malleability, which, however, is very alight, and ita colour, 
which differs very little from that of silver. Its specific 
gravity varies from i)-i (105.073) to 9-8 (109,54'i), and 
ita hardneaa from 3'C to 4. Thia specific gravity is the 
anme as ia obtaiued by calculation, on the assumption that 
the specimens are simple mixtures. Thus, Klaproth 
aoiilyBed two spscimeus : one contained 24 parts by weight 
of antimony, and 7G parts of silver ; the other, 16 parts of 
antimony and 84 parts of silver. A mixture of these 
metals in these proportions would have a specific gravity 
of 9-E in the first case, and 9'8 in the second. When 
sabjected to the blow-pipe, the antimony is driven off in 
fumes, and a globule is left which further healing reduces 
to silver. Nitric acid diaaolvea out the silver and oxidisea 
■0 MDtimony, which remains insoluble. It tarnishes in 
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air to a yellowish-white or blackish-grey coloar, and 
readily breaks with an uneven fracture. It is met with 
in certain argentiferous veins, especially those containing 
arsenical and antimonial minerals, at Andreasberg, Wolfacb, 
Wittichen, Allemont, Guadalcanal, Cosalla in Europe, 
and at Ck)quiml)o in 8. America. 

The antimony is sometimes partially replaced by arsenic, 
which may form as much as 35 per cent, of the mineraL 
It is then called anenxcal iilver. 

Bbmthauptitb. (NiSb=Ni 31-9; Sb 687. ^yn. 

Antimonial Nickel.) 

It occurs in thin hexagonal plates, truncated on the 
basal edges, and striated on the basal faces, as also in 
dendritic masses and disseminated particles. It has a 
metallic lustre, an uneven fracture which presents a light 
copper colour with a tinge of violet, a reddish-brown 
powder and streak, a specific gravity of 7*54: (84,282), and 
a hardness of 5*5. When ignited in a tube the antimony 
is sublimated. It is slightly acted upon by simple acids, 
but readily dissolves in aqua regia. A vein of it was 
formerly worked at Andreasberg, where it was associated 
with calcspar, galena, and smaltine. It may be formed 
artificially, and indeed frequently occurs in the products 
of blast-furnaces. It is said to exist near the Pic du Midi 
d*Ossau, in the Pyrenees. 

NiOKELiNB. (Ni As=Ni 44 ; As 56. St/n. Copper 
Nickel ; Kupfer-Nickel ; Arsenical Nickel.) 

It is found native, crystallised in hexagonal prisms very 
similar to those of Breithauptite. The crystals are rare, 
and it generally occurs in reniform, reticulated, or arbo- 
rescent clusters. The lustre is metallic, the fracture 
uneven and conchoidal, the colour copper-red, which 
changes to grey or black by tarnishing ; the powder and 
streak are pale blackish-brown, the sp. gr. 7'5 (83,835), 
and the hardness 5*5, Before the blow-pipe, the arsenic 
IS driven o£F in fumes, and the remainder melts to s. ^\iAl^ 
globule^ which Boon darkens. It ia bo\vj[\)\^ m ^^^^^'S^ 

F3 
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and nibic acid. The btter Sarmm ft green sohitioD, i\'L]c}i 
ia toned nolet-Uae Iqr amntaia. Hie nickel miiv be 
pntiaNy repbced bj mbah, and tlic arsraie by antimony, 
and BometiiBea by aiilpiiiiT. It k frequently associated 
with the aneaiate of nickel, vUcfa fenna a pnlTenilent 
green coating over it, and aeoompaBiei cobalt, silver, copper, 
the an^ihidea of these metak, aiid sfflalline. It has been 
ronnd ia Tariooa parts of Oenosny, Sorway, France, 
Spain, at Chatham in Conne^ent, at Leadhills in Scollanil, 
and in (he Powey, Consols, and other mines of Cornwall. 
Exceedingly pare specimens have been obtained from 
St. AastelL 

Nickel is largely nsed in the preparation of German 
itlttr, nic&el tilrer, paek/oiig, and ahitt copper. These 
are alloys of copper, nickel, and zinc, in which the pro- 
portion of each metal Tsries according to the purpose for 
which the alloy is intended. Spoons and forks are formed 
of alloys of two parts copper, one nickel, and one zinc, or 
of eight parts copper, three nickel, and five zinc. Gene- 
rally, the copper forms by far the largest proportion ; bat 
in the packfong of the Chinese there is almost as much 
nickel as copper. 

LOlisgite. (Fe Ag,=Fe 27-2; As 72-8. Syn. 

Leucopyrile.) 

This mineral has considerable resemblance to mispickel 

both ia form and atomic composition. Ila crystals belong 

to the trimetric system, and naually occor as right rhombic 

prisms with an angle of 122^. Thej- possess a perfect 

cleavage and a plane parallel to the principal axis. It hss 

a metallic losire, an noeven fracture, a slightly yellowish- 

siWery white colour, a specific graritj' of 7 — 7-i (82,717), 

and a hardness of 5-5. Both powder and streak are 

greyish-black. When healed with the blow-pipe it gives 

a slight odour of garlic, and yields a globide which ia 

slightly magnelic. On treating the globule with nitric 

•"il. arecDioas acid is evolved, and the remainder dis- 

'. It ia associated with copper-nickel at Schladming, 

f with aeiTMntine at ReichenBleiu, Silesia; with 
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bismnth and scorodite at L6\mgt Carinthia; and with native 
nrsenic, antimonial silver, and red silver, at Andreasberg, 
Harz. It has been found in other parts of Germany, in 
Norway, and in the United States. 

Rammelsbergite. (Ni ASj=Ni 27*9 ; As 72- 1.) 

It closely resembles Lolingite in its crystalline form 
(which is a trimetric prism, having an angle of 123^ to 
124^), in its lustre, its streak, and in its fracture. Its 
colour is tin-white, with a slight reddish tinge in the fresh 
fracture ; in massive specimens the colour inclines to 
steel-grey. Before the blow-pipe it behaves like nickeline. 
It is slightly ductile. Its specific gravity ranges from 
6-4 (71,539) to 7-2 (80,481), and the hardness from 5*25 
to 6. It is most usually met with in an amorphous or 
disseminated condition. 

Cloanthite. (Ni Asg. S^n, White Nickel.) 

Chemically, this is identical with Rammelsbergite, but 
its physical structure is different, since its crystals are 
cubes, octahedrons, and other forms belonging to the 
monometric system. Several minerals resemble it in 
form, and have an isomorphous composition, which may 
be expressed by the general formula R„ As„, the R re- 
presenting nickel, cobalt, or iron, which replace each 
other without altering the form of the crystal. Chathamite, 
from Connecticut, is a cloanthite in which a portion of 
the nickel has been replaced by iron. The specific gravity 
of cloanthite is about 5*6 (62,596). When heated in a 
closed tube arsenic is driven off, and it becomes converted 
into copper nickel, at the same time assuming the coppery 
red colour of that mineral. It is found in most of the 
localities where nickeline occurs, and, like it, is often 
covered with a green coating of arseniate of nickel. 

Kaneite. (Mn As =Mn 42*3 ; As 57-7. Sj/n. Arsenical 

Manganese.) 

This is very rare, and but little is known. ^ V)\\j& ^<^^^- 
tern. It occurs in botryoidal and amotp\iO\\&TivwB»fc^^V«:TO.^^ 
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a gTftnular Btructute. It ia hanl, of n greyiali -white colonr, 
and has a ap. gr. of 5'S (61,479). In the air it changes, 
enperficially, loto a hlackiah-grey powder. It hurna with 
a bluo flame when heated by the hloW'pipe, emits an 
odour of garhc, and yields white fumes of nrseniona acid. 
It is quite soluble in nitro-miiriatie acid, and nearly soiu 

Smaltinb. {Co Ab, = Co 27'7 ; Ae 71-3. Si/n. Ar- 
aenieol Oobalt ; Grey Cobalt.) 
Its crystals belong to the monomotric system, and occur 
chiefly as cubes, octahedrons, dodecahedron a, and inter- 
mediate forma. The octahedral cleavage ia distinct, bat 
the cubic cleavage ia indistinct. It is also found in 
massive, reticulated, and imitative Bhapca. The lustre is 
metallic, but readily becomes tarnished and blackened on 
exposure to the air. The colour is tin-white, inclining to 
steel-gtey, or silver -white ; the greyish tint belongs to the 
Tarieties which have a high specific gravity and contain a 
large proportion of iron. The streak is greyish black ; 
the ap. gr. is 6-3 (70,411)— 6-6 (73,774) (but some 
authorities state it to be as high as 7'7, probably hnsed on 
specimens containing largo amounts of impurity), and the 
hardness 5-fi. When heated in a tube open at both enila 
it gives off a sublimate of arsenious acid ; but no sublimate 
is formed in a test-tube. It diaaolvea in nitric acid, leaving 
a residue of arsenious acid. Smnltine is sometimes altered 
hy atmospheric influences into cobalt bloom. The varie- 
ties which contain a large proportion of iron are called 
SafflorUe. Smaltine ia especially met with in veins of 
snlphide of silver and copper pyritea, particularly such as 
are developed in the more highly crystalline rocks, such 
as granites and gneiss. Itia also accompanied by certain 
products derived from its decomposition, such as earthy 
arseniate of cobalt and black oxide of cobalt ; also by 
other minerals, auch as nickehne, native bismuth, native 
arsenic, galena, sulphide of silver. The stony minerals 
which iiB\iaIIy form its gangue are sulphate of baryta, 
spathic limeatojie, dolomite, spathic iron, hyaline quai'lz. 
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and a few others. It is found in various parts of Germany, 
France, and Norway. 

Skuttbbtoitb. (Ck) As, = Co 20*8; As 79*2. tSj/n. 

Modumite.) 
It is closely allied to smaltine ; it resembles it in its 
crystalline forms ; but the crystals present this difference, 
that in skutterudite the cubic cleavage is distinct, and the 
octahedral indistinct, which is the reverse of what is met 
with in smaltine. The sp. gr. is 6-74: (76,339)---6-84 
(76,457), and the hardness 6 ; in both cases a little higher 
than in smaltine. The lustre and colour are the same, but 
skutterudite sometimes becomes iridescent. When heated 
in a dosed tube it gives off a sublimate of arsenic. It is 
found with grey cobalt in a mineral vein traversing mica 
schist at Skutterud, in Norway. 

Hessith. (Ag, Te or Ag 62-77; Te 37-23. 8i/n. 

Telluric Silver.) 

Its crystalline form has not been clearly ascertained. 
According to Rose it is a cube ; but other observers say 
it is a rhombohedron so closely approaching a cube as not 
to be readily distinguished from it. There are no indica- 
tions of cleavage. The sp. gr. is 8-5 (95,013) to 8*7 
(97,248), and the hardness 3 or 3'5. It is ductile, but rather 
less so than sulphide of silver (argentite). The lustre is 
metallic ; and the colour intermediate between lead-grey 
and steel-grey, but in some varieties it passes into iron- 
black. It melts before the blow-pipe, the tellurium is 
driven off, and the silver remains in a dendritic form. 
When heated in an open tube it gives a white sublimate 
of white telluric oxide. It is soluble in nitric acid. It 
occurs in small granular masses in a greyish green talc 
schist along with telluride of lead, chalcopyrite, pyrites, 
and blende, in the Savodinsky mines, Altai mountains, and 
in the Kolywan mines, Siberia. It also occurs in grey 
quartz, or in a porphyry diorite with diallogite at Nagyag^ 
in Transylvania. Fetzite is a variety with 25 p. c« ot SS^^V^. 
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Ni uMANKiTB. (Ag, 8e or Ag 73 ; 8e 27.) 

Its cryfltals belong to the regular Bystem, and present 
dietinct clenvagea pnrallel to the facea of tho cuhe. It 
gonerally occurs aa granular maases of an iron-black 
colour, and a bright lustre on the surfaces of the lamellar 
rraetiiree. The sp. gr. is 8 (89,42i), and the hardness 
2'5. It mncli reseiiibles sulphide of silver (argentile), 
but may he distinguished from it by its smaller ductility 
and its more perfect cleavagea. When heated in a matrass 
it nielta and gives off a aublimate of selenium and selenious 
acid. It ia found in veins traversing diorite in the mines 
of Tilkerode, in the Harz, where it ia accompanied by and 
intermingled with selenide of lead. 

OLAUflTHAiiTE, (Pb So or Pb 72'7; 8e 27'S.) 
This mineral much resembles galena, and indeed was 
confounded with it before tho discovery of selenium. It 
occurs in fine grannlor masses which sometimes present 
traces of cubic cleavage. The lustre is metallic; the 
colour lead-grey, and sometimes bluish ; the sp. gr. 7 
(78,2i6) to 8'8 (98,366) ; and the hardness 2-5 to 3. It 
is readily cut by a knife. Before the blow-pipe it emits 
the horseradish smelling fumes of selenium, and if 
heated in the reduction flame, llie lead is separated in the 
metallic form ; when heated in a tube a sublimate of 
selenium is formed. In some specimens a part of the 
lead baa been replaced by an equivalent proportion of 
silver or mercury. Nitric acid dissolves it. It is found 
in the Harz in threads traversing primary strata in 
the neighbourhood of dioritic rocks, and ia sometimes 
accompanied by gold and palladium. The cupreous 
and cobaltic varieties are regarded as distinct speciea 
under the names Tilkerodite and Zorgite. 

Altaitb. (Pb Te = Pb 61-64 ; Te 38'36.) 

This reaemblos elausthalite. It occurs in granular 

compact masses, -which do cot present anymore definite 

raoturg thaa ia afforded by its indietiiict cleavages in 
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three directions at right angles to each other, from which 
it may he inferred that the cuhe is the primary form. 
The lustre is metallic ; the colour tin-white, with a slight 
yellow tinge; the sp. gr. 8.16(91,212); and the hard- 
ness 3 — S'5, It is soft and sectile, colours the blow-pipe 
flame blue, and is fusible in the reduction flame. When 
heated in an open tube a sublimate of telluric oxide is 
formed. It is soluble in nitric acid. It is found in small 
quantities, associated with argentiferous tellurium and 
iron pyrites in talc schist at the mine of Savodinsky in 
the Altai mountains, Siberia. 

Arobntitb. (AgjS=Ag 87; S 13. St/n. Silver Glance; 

Vitreous Silver ; Argyrose.) 

It occurs in many varieties of form, viz., earthy, amor- 
phous, mammillated, dendritic, and crystallised. The 
crystals belong to the monometric or cubic system, and 
consist of cubes, regular octahedrons, trapezohedrons, 
and combinations of these simple forms. There are 
traces of cleavage parallel to the faces of the cube and of 
the rhombododecahedron. The lustre is metallic; the 
colour dark steel-grey, but sometimes bluish-black, and 
iridescent when tarnished ; the sp. gr. 6*9 (77,128) to 
7-4 (82,722), and the hardness 2. It is soft, ductile, 
and sectile, and soluble in nitric acid, from which solution 
silver is precipitated when a piece of copper is introduced 
into it. When exposed to the blow-pipe flame the sul- 
phur is driven off, and the silver remains behind as a 
brilliant globule. It is met with in veins traversing 
gneiss, mica schist, hornblende rock, argillaceous schist, 
granite, porphyry, and trachyte ; and the minerals which 
accompany it are native silver, pyrargyrite, argenti- 
tiferous galena, arsenic, hyaline quartz, calcspar, barytinc, 
fluorspar, and a few others. There are a great many 
localities in Germany, Bohemia, Hungary, Nonvay, 
Mexico, Peru and Chili, but the principal veins are those 
in the silver mines of Saxony" and Bohemia, and in the 
silver mines of Potosi. 

AJcanthite has the same compoB\\.\o\i ^x^^ ^\Q^^\?c^^'5k ^a^ 



argentite, but it cryHtalliaes in long needles belonging 
to tLe trimetrio ByBtem. 

Elzmde. ZnS = Zn 66'72 ; S 33-28. S'jn. 
Black Jack ; Sphalerite.) 

Although this mineral occurs in cubss and octahedrons 
like most of the miDeroIs already meutioned in this chnpter, 
there is an important difference to be noticed, iaoBmnch as 
the cube is not modified in the aame way. In the ordinary 
cube all the edges and angles are similarly modified, 
but in the cnbe of blende only half the edges and angles 
are modified. The consequence is that these derived 
forms have only half the number of faces, &c., which wo 
find in the correBponding forms derived from the ordinary 
cube ; hence these are called hemihedTal. The principal 
cryatalline forms ate the tetrahedron, rhomboidal dodeca- 
hedron, and the octahedron. Its colour varies considerably ; 
in the purest specimens it is yellowish -green, bnt when 
mixed with other sulphides it presents various shades of 
red, brown and black ; and when a large proportion of 
iron is present it may bo deep black. The translucency 
also varies, being greatest in the purest varieties, and 
least in the dark ones, The crystals, both externally and 
when fractured, have considerable brilliancy, but very 
little metallic lustre ; in specimens that are not clcavablo 
the fracture is often waxy. It is soft, having a bardnesH 
of 3'd ; and one of the lightest of the sulphides having 
a sp. gr. of 3-9 (i3,404)— 4'2 (16,947) only. Its sp. ht. 
is 'ISO. The purer specimens are remarkable for the 
facility with which they can be rendered phosphorescent 
by friction. It can be fused with difficulty by the 
blow-pipe, and is only slightly soluble in nitric acid. 
The varieties of form and struetnro presented by blende 
are too numerous to be even mentioned, bnt the principal 
are the laminar, radiated, and concretionary varieties. 
Blende is found almost everywhere, and in nearly all 
the geological formations; but most abundantly in the 
veins of galena, iron and copper pyrites, grey copper, 
and more espeoialiy in those which contain lead. Galena 
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and blende have a close resemblance to oacb other, and 
frequently occar together. Blende does not occur 
abundantiy in the more highly crystalline rocks, such 
as gneiss, mica schist, talc schist ; bnt it is exceedingly 
abundant in rocks not so highly crystalline, such as 
argillaceous schists, certain limestones, &c. It occurs 
in greater or less quantity in the various sedimentary 
rocks older than the muschelkalk of the permian series, 
but it is seldom found except in a disseminated state 
in rocks newer than that mentioned. 

Galena. (PbS = Pb 86-6 ; S 13-4.) 

Its crystab belong to the regular or monometric system, 
and are either cubes or some of the simpler derivations 
therefrom. The commonest form is the cube, and this 
is intimately connected with its remarkably easy cubic 
cleavage. There is also an easy octahedral cleavage, but 
it is generally difficult to obtain on account of the cubic 
cleavage being far easier. Sometimes, but rarely, a 
variety is found in which the octahedral cleavage is the 
most marked, as in some crystals from Lebanon and 
Pennsylvania. The most common combination form is 
the cubc«octahedron (Figs 2, 4, PI. I.). Galena has a 
metallic bluish-grey colour, a hardness of 2*5, a sp. gr. of 
from 7-4 (82,717) to 7-6 (84,952), and a sp. ht. of 049. 
It is easily fusible, the sulphur being given off in fumes of 
sulphurous acid, and the oxide of lead remaining on the 
charcoal support as a yellowish film which on further heat- 
ing yields a globule of lead. 

The lead is sometimes partially replaced by equivalent 
proportions of silver, copper, antimony, bismuth, iron 
and platinum, giving rise to the argentiferous, cupreous, 
antimoniferous, bismuthiferous, ferriferous, and platini- 
ferous varieties of galena. Galena is the most impor- 
tant of the lead ores, and occurs in considerable masses. 
Most of the workable lead veins are situated in the 
primary rocks ; a few exist in the secondary, but they are 
comparatively rare above the lias. The most common 
gangues of galena are limestone, quta^YVz, \)^T^>cc{i^^%^^'^< 
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Epar, &c. TLc principal lead mines in France are at 
Foallaonen and Uuelgont near Carliaix, in the department 
of Finiflterre; thoae of England are mOBtly sitnated in 
Derbyshire, Cumberland, and Cornsvall. Gal«na is also 
found abondanlly in many other parts of Europe, in 
Siberia, in Algeria, in South Africa, in Anatralia, and in 
Nortli America. The galena deposits of Iowa are 
exceedingly interesting to the mineralogist Sleamumnr'te 
is probably an impure variety. 

Alabasditk. (Sin. S = Mn 63-23 ; S 36-77. St/n. 
Ulanganese blende.) 
It is rarely met with in the crystallised form, enoh as 
cubes and regular octahedrons with perfect cubic cleav- 
age. It is more usnally found in massBs which are 
granular in structure, and which readily cleave in three 
directions apparently parallel to the faces of the cube. 
The lustre is sub-metallic, the colour iron -black when fresh, 
and brown when tarnished, that of the streak being green : 
the Bp. gr. 3-9 (43,404)— i-81 (53,766), and the hardness 
3-5 — 4. Iron-black rhombic prisms of alabandite have 
been formed by artificial crystallisation, and others in the 
form of octahedrons have been met with as a furnace pro- 
dnct. The latter differed from the natural crystals in 
being attracted by the magnet. It is solable in hydro- 
chloric and nitric ocids. It has been found at Kspnik 
and Nagyag, Transylvania ; Gersdorf, Saxony; Alabanda, 
Caria; and in Mexico. 

St noM EYE RITE. 
No formula can be assigned to this mineral, since it 
appears to be a mixture of snlphide of silver with sulphide 
of copper. Generally speaking, these two sulphides crys- 
tallise in two distinct crystalline systems, but under 
certain circumstances each sulphide will crystallise in 
both systems, and in similar forms. The crystals which 
contain moat Bulphide of silver are in cubes and octa- 
hedrons like argentite. This is the case with the speci- 
mena from Jalpa, in Mexico, which Brcithnupt calls 
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Jal}mite. They contain Ag 71*76; Ca U-02 ; S 14-22. 
Other crystals have been found at Rudelstadt, in Silesia, 
and one or two other places, having the form of six-sided 
trimetric crystals. 

Copper Glance. (Cu, S or Cii = 79*73; 8 = 20*27. 
Syn, Vitreous Copper Ore ; Rcdruthite ; Uarrisite ; 
Chalkosine.) 

The crvstals occur in six-sided tables, which were 
formerly considered to be regular hexagons ; precise 
measurement, however, has shown that they are not quite 
regular, and that they belong to the trimetric, not to the 
hexagonal system. It is often intimately mixed with 
sulphide of silver, and then such crystals assume forms 
belonging to the regular system. It also occurs massive, 
with a granular compact structure. Its colour is steel- 
grey ; its fracture conchoidal, unequal, and with a metallic 
lustre, which is not quite so brilliant as in argentite. Its sp. 
gr. is 5*5 (61,479) to 5*8 (64,832) in native, but as much 
as 5*97 in artificially prepared, crystals ; its hardness 2*5 
— 3 ; and its sp. ht. '120. It is brittle, and sufficiently soft 
to be cut with a sharp knife. It dissolves with difficulty in 
heated hydrochloric acid, with evolution of sulphuretted 
hydrogen ; and when dissolved in nitric acid the sulphur 
is separated ; this latter solution is turned blue by an 
excess of ammonia, and precipates copper on steel. Cop- 
per glance is met with in veins of copper pyrites in Corn- 
wall, Hesse, Mansfeld, the Bannat ; but it is more abundant 
in Siberia, where it is extensively sought for by mining. 
In Siberia copper pyrites still accompany it, but in com- 
paratively small quantities. The fine crystals at Redruth, 
Cornwall, are called Redruthite. Copper pyrites, purple 
copper, and black copper occur as pseudomorphs after 
copper glance ; while the latter is itself pseudomorphous 
after galena. This last pseudomorph has been found in 
the Canton mine, Georgia, and has been named Harrisite. 

Greenookitb. (CdS or Cd = 77*8 ; S = 22*2.) 
Sulphide of cadmium, or Greetiock\le,\^ ^ \«t^ xksx^&t^^ 
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which crystalliaes in double Bix-aided pyramids belonging 
to the 1is}:agoiial eystem, aud liaving a cleavage parallel 
to the edgea of on hexagonnt prism. The cryataJa are of 
n Hemi -transparent, honey yellow colour, but its powder 
is orange yellow or brick red. When heated the cryatals 
become first brown and then carmine -red, hut resume 
their iemoa yellow tint when cooled. These olianges in 
colour are ainiilar to those undergone hy eulplmr under 
similar circumstances. The sp. gr. ie 4'8 or 4'9 (54,772), 
aud the hardness 3'fi. It readily dissolves in strong 
hydrochloric ncid when heated, and gives oif ahundance 
of sulphuretted hydrogen ; it nlao diasolves in nitric acid, 
the Eolation being attended by evolution of sulphuretled 
hydrogen, and deposition of sulphur. It is found in small 
cryatala in an nmygdnloidal trap, near Eiehoptowu, in 
Renfrewshire, where it is accompanied by prehnite, 
felspar, and galena. 

MiLLERiTE. (NiS or Ni = 64-76 ; S = 3o'24. Si/n. 
Capillary Nickel.) 

It occurs in rhombohedral crystals having an angle of 
144-8'', with the principal axis = -329, and with n per- 
fect cleavage parallel to the faces of the rhombohedron ; 
hut more frequently in, Jong, slightly elastic needles, 
having the cryatallinc form of hexagonal prisms. Speci- 
mens ar« said to have been found in which only half the 
faces were developed, and which wonld consequently be 
trigonal prisms. This minernl is brittle, has a sp. gr. of 
6-25 (S8,684)— S-G5 (63,155) ; a hardness of 3-3-5 ; a sp. 
ht. of "128 ; a brass yellow colour ; a metallic Instre ; and 
diasolves wholly in aqua regia, yielding a greenish solntion, 
but partially in nitric acid, yielding a pale green solution, 
which is rendered violet by the addition of ammonia. It 
has been found in various parts of Germany, England, 
and America, and is usually accompanied by one or more 
of the following minerals — viz., quartz, calcareous apar, 
carbonate of iron, and various ores of nickel, cobalt, lead^_^ 
and silver. -Jj^— 
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Cinnabar. (HgS or Hg = 86-29 ; 8 = 13-71.) 

It usually occurs in minute crystals belonging to the 
hexagonal system, and derivable from an acute rhombo- 
hedron of 71° 48', the length of whose principal axis is 
2-29. The cleavage parallel to the edges of the hexagonal 
prism is well marked, but not so that which is parallel to 
the faces of the rhombohedron. The crystals are trans- 
parent or translucent, and of a fine carmine colour ; but 
certain faces have a steel-grey aspect when viewed by re- 
flected light. The lustre is adamantine ; the sp. gr. varies 
from 8 (89,424) to 8-2 (91,659) ; the sp. ht. -0517; and the 
hardness from 2 to 2'5. When pure it is slightly ductile, and 
soft enough to be easily cut with a knife. It sometimes 
occurs massive, with a granular structure, a colour inclining 
to steel-grey, and a slightly metallic lustre ; and sometimes 
as a fine scarlet powder (native vermilion), filling cavities 
in the massive cinnabar. There is also Mi impure variety, 
vnth a slaty structure, and of a dark liver red or blackish 
colour, which contains earthy matter, carbon, and some- 
times bitumen. It is called hepatic ore, and is the princi- 
pal ore worked in the mines at Idria, in Carniola. Cin- 
nabar is a bad conductor of electricity, and when rubbed 
and insulated, it is charged with negative electricity. It 
is doubly refractive, and in this and several other respects 
it much resembles quartz in its optical properties. When 
heated on charcoal before the blowpipe, it is entirely 
volatilised, yielding mercury vapour and sulphurous acid. 
It is entirely soluble in aqua regia, but is insoluble both 
in nitric and in hydrochloric acid. When a copper blade 
is placed in a solution of cinnabar, or is held in its vapour, 
it is whitened by the deposition of the mercury. It is 
readily distinguished from all other transparent minerals 
by its high specific gravity, and from the three common 
red minerals by its vermilion powder, which is orange 
yellow in realgar ; by its odour when heated, which is that 
of sulphurous acid in cinnabar, but alliaceous in realgar; 
by its complete volatility, which distinguishes it from red 
silver, which yields a button of BiWex, 8g;i^ixoT£LT^^V»»^^ 
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wliicli leaves an aurora coloured powdery residue. 
Rutile aha has a red colour, but it pOBEesees only liiilf the 
specific gravity of cinnabar, and is not at all altered by 
the blow-pipe. Like sulpbur and greenockite, cinnabar 
nndergoes changes of colour when heated ; thus it is 
brownish when gently heated, quite brown at 482° F., 
and black at a higher temperature. If cooled without 
being volatilised, it regains its vermilion colour. Cinna- 
bar is found in veins, in the older palieozoic crystalline 
schists, and disseminated in the grits, bituminoue schists, 
and compact limestones of the lower part of the secondary 
rocka. The latter mode of occnrrence occurs in the 
greater number of lucalitiea where cinnabar is found, hut 
the yield is scarcely ever so rich as in the older crys- 
talline schists. The principal European mines are at 
Idria in Oaruiola, and in Rhenish Bavaria, At the 
former locaUty it occurs in fjsailiferous lioiestones and 
schists, but more abundantly in the schists. The shells 
and the fish scales in them are frequently metamorphosed 
into sulphide of mercury. The great mining centres 
in Europe are Almaden in Spain, Idria, Moschel-Lands- 
berg, and Ripa. At Almaden it is found in veins 
sometimes as much as 50 ft. thick, traversing micaceous 
schists. Mines also oecnr in the Ural and Altai moun- 
tains, Siberia, in Thibet, China, Japan ; at Huanca Velica, 
in Peru, at Guallilinga in Chili, in Mexico, and in Cnli- 
foruia. The mines in the last country have proved to be 
remarkably rich; they are nnmed New Almaden and 
Gaadeloupe, and the ore oceura as veins in crystalline 
sehists. There are a great many other localities where 
cinnabar is found in quantities insnf&ci en t for mining pur- 
]>ose8, but we cannot enumerate them here. 

CoVKLLiNB. (OuS orCii--66-4; S=33-6. Syn. Indigo 
Copper ; Blue Copper.) 

This minoral wasfirat discovered iu small thin hexagonal 
plates, or a pnlverulont powder, lining the ioterior of the 
cavities of lava in the fimaroles of Vesuvius, and forming 
a I'hckish network like a spider's weh. The crystals at 
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Salzburg present the faces of two hexagonal pjrramids 
combined with those of a regular hexagonal prism, and 
readily cleave in a direction parallel to the base. In the 
mass, this mineral has a deep indigo colour, but, when 
powdered, it is black. Its hardness is 1*5 or 2, its specific 
gravity is 4*6 (51,418), and it is readily reduced to a 
powder by rubbing it between the fingers. It is opaque, 
and has a lustre which is sometimes slightly metallic and 
in others resinous. It is soluble in nitnc and hydro- 
chloric acids, but in the latter acid the sulphur is sepa- 
rated. It is slightly soluble in sulphide of ammonium, 
but insoluble in aqueous sulphurous acid, potash, and the 
fixed alkaline sulphides. Besides the locality above men- 
tioned, it is also found accompanying other ores of copper 
in bituminous schists, at Sangerhausen, Saxony ; Mans- 
feld, Thuringia; Leogang, Saltzburg; Kielce, Poland; 
in the Harz, the Black Forest, and Chili. Cantonite is 
a pseudomorphi of covelline after galena found in Qeorgia 
and in Cornwall. 

EuKAiRiTB. (Ag Cu Se or Ag = 43*16 ; Cu 25*26 ; 
Se = 31'58 ; a selenide of silver and copper.) 

The crystalline form is unknown ; but as Naumannite, 
the selenide of silver, belongs to the regular system, 
and as copper and silver arc isomorphous, it is probable 
that eukairite crystallises in cubes, or some form 
derivable from the cube. It is found amorphous, and 
intimately associated with calcspar, in a magnesian ser- 
pentine rock in the abandoned mine of Skrikerum, near 
Smaland, Sweden. It is of a lead-grey colour, soft, and 
slightly ductile ; it has a fine-grained fracture, and it gives 
a shining streak. Before the blowpipe the selenium is 
driven oflf in vapour, and a grey, shining, metallic globule 
is left : when treated with fluxes, it gives the reactions of 
copper. It is soluble in nitric acid, from which the copper 
and silver may be reprecipitated by moans of iron. 
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BzHiBLiANiTE. {CujSe or Cu = 61-48 ; Se = ZT52. 
Si/n. Berzeline.) 

Its oryfltalline form is unknown, as it has hitherto been 
found only in thin dendritic cruelg, Laving n silver ivhita 
colour and a metallic luatre ; and in thin veins in the 
copper mine of Skrikerum, near Smaland, and ncai' Lehr- 
bach, in the Hnrr. 

Onofhitk. 

This name is given to a series of speoimens whose com- 
poaition yariea considerably. It was first given to speci- 
mens found at St. Onofre, in Mexico, to wliich H. Koso 
assigned the formula ilg (S Se) ; and the composition of 
mercury, 81-33; sulphur, 1030 ; and selenium, G-49. It 
is, therefore, a sulpho-selenide of mercury, or, what seeins 
mote prohahle, an isomorphoua mixture of sulphide and 
lelenide of mercury. It occurs in granular compact 
maBsea, having no traces of cleavage, which are accom- 
panied by quartz, calcapar, aud barytino. This name is 
also given to certain grey and red minerals found at 
Calabria, in Mexico, and which contain variable propor- 
tions of sulphur, selenium, mercury, and ainc. These 
appear to be mixtures of several distinct minerals. 

NAavAGiTE. {iSyji. Elaamose ; Foliated Tellurium ; Black 
Tellurium ; Tellurium Glance.) 

The analyses of thia mineral have yielded such diffe- 
rent results, that no one formula will represent them. It 
is ft native telluride of lead and gold, and crystallises in 
forma belonging to the dimetric system, which have the 
principal axis equal to 1-293. The cleavage parallel to 
the base is very distinct, and, consequently, it is usnal to 
find it in lamellar masses. The hardnesa ia 1 to 1'5 ; the 
sp. gr. 6-8 (76,010) to 7-2 (80,i81) ; the colour and streak 
a dark lead-groy, and the luatre metallic. In th!n lamima 
it is alightly flexible. Heated in charcoal, with tlie blow- 
/>i/>e, it^-ives a hiue tint to the flame (arising from sulphur) 
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and a yellow deposit, which, when reduced in the inner 
flame, yields a globule of gold. When treated with nitric 
acid a portion is dissolved, and what remains is sulphate 
of lead, containing gold ; with aqua regia, the residue is 
sulphur and chloride of lead. In all specimens hitherto 
examined the tellurium has been partially replaced by 
sulphur, and, in most, antimony has been substituted for 
an equivalent of the lead. It is found at Nagyag and one 
or two other places in Transylvania, associated with syl* 
vanite, red manganese, alabandine, boumonite, blende, 
arsenic, hyaline quartz, and native gold. 

Haueritb. (MnS, or Mn = 46-19 ; S = 63-81.); 

A native bisulphide of manganese, which crystallises in 
cubes, octahedrons, and other simple forms belonging to 
the regular system. When powdered or in thin lamina it 
has abrow^ish red colour resembling that of hausmannite ; 
but in the massive state the colour is darker, and approach- 
ing to a blackish brown. It possesses a perfect cubic cleav- 
age; a sp. gr. of 3*46 (38,609) ; a hardness of 4 ; a semi- 
metallic or adamantine lustre, and a moderate degree of 
translucency. When heated in an open tube it disen- 
gages sulphur, and leaves a green powder. As will be 
seen, it much resembles alabandite, from which it is 
distinguished by its chemical composition and its 
lower specific gravity. It has been found at Kalinka, in 
Hungary, in a clay formed from the decomposition of 
trachytes and diorites. It is associated with sulphur 
and gypsum. 

Iron Pyrites. (FeS, or Fe = 46-67 ; S = 63-3. S^n. 
Martial Pyrites ; Mundic ; Cubic Pyrites.) 

The bisulphide occurs native in two different forms, of 
which the most common is the cubic or yellow variety. 
Its crystals are cubes, octahedrons, and forms derivable 
from them by hemihedral modification. It la v£lQ!^\. 
frequently met with in cubCiS, yjToVcJa. ^qtsv^^Cvcdl^^* V'km^ 
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Bmooth faces, end eonietimeB etrioted faces. In the three 
facBB which meet at the same aolid angle, the Btriss run in 
three different directiona, as shown in Fig. 32, Xest tii 
the cuhe the pentagonal dodecahedron (Fig. 
14, PI. I.) is moat common, while other 
forma are shown in Figa. 2, 10, 13, 16, and ' 
18 of the aame Plato. The colour is hrnBs- 
yellow, BOmetimea gold-yellow, which paBsea 
into brown hy auperficial alteration; the 
powder and strealc are brown ieh -black ; the 
luBtre is metallic ; the sp. gr, is about fi (55,800) in pure 
Bpecimens, but ranges from 4 to 5, according to the degree 
of alteration they have undergone ; the Bp. ht. is -1 23 ; the 
fracture is con choidal, rather more so than in copper pyrites; 
and the hardness is 6 or 6*5, which is sufScient to enable it to 
strike fire with ateel. This latter property was known to 
the ancients, who gave it its present name, which signifieB 
fire-itone. When firearms were first introduced it was 
used for obtaining the spark, but was soon superseded by 
gun-flints, whioh haye in their turn given way to per- 
cussion caps. Before the blow-pipe the sulphur is driven 
off, giving a bluish tint to the flame, and the magnetic 
oxide of iron remains behind. It is slightly soluble in 
sulphuric acid ; while Bitric acid takes up the iron nnd 
deposits the sulphur. It ia much less easily altered by 
espoeure to the atmosphere than marcasite, but is fre- 
quently changed into limonite or hydrated peroxide of 
iron. The iron is generally more or less replaced by 
cobalt, nickel, gold, silver, and copper. Yellow iron 
pyrites occur almost everywhere, but never in any large 
masses. It is found in veins, and disseminated through 
sedimentary and crystalline rocka of every geological age. 
It is deposited from many mineral waters, and appears to 
be formed whenever protoxides of iron, sulphates, organic 
Bubstancea, and water are intimately mingled together. It 
is seldom mined, except for the sake of the sulphur and 
gold it may contain. Its yellow colour has often caused it 
to be mistaken for gold by persons unacquainted wi^L- 
to'inernlogy. yH 
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Maboasitb. (FeS,. S^. White Iron Pyrites ; Sadi* 
ated Pyrites ; Spear Pyrites ; Cellular Pyrites.) 

Although similar to the common iron pyrites, it crys- 
tallises in very different forms, such as the right rhombic 
prism (Fig. 30, PI. II.), and derivative modifications 
belonging to the trimetric system. The cleavage is dis- 
tinct in a direction parallel to the faces of the prism. Mar- 
casite has considerable resemblance, in its crystalline forms, 
to arsenical pyrites, or mispickel, but is readily distin- 
guished from it by its tendency to form rosette-like groups. 
The colour is pale bronze -yellow, sometimes inclining to 
green or metallic white, while that of the powder and 
streak is greyish -black. By alteration it becomes brownish 
or iridescent. The lustre is metallic; the sp. gr. 4*6 
(51,418)— 4-8 (53,654) ; the hardness 6 to 6-5 ; and the 
fracture uneven. It resembles the common pyrites in 
its behaviour before the blowpipe, but differs from it in 
its greater readiness to alter in moist air into the sul- 
phate of iron. This oxidation is sometimes sufficiently 
intense to set up combustion in the lignite or coal in 
which it may be contained. It is often met with in 
radiated, dendritic, cellular, compact, reniform, and globu- 
lar masses. It is less widely distributed than the cubic 
pyrites ; but it is more or less disseminated through many 
schists, coal, lignite, peat, clays, marls, chalk, and some- 
times flint. The finest crystals come from Cornwall, 
Derbyshire, Saxony, and Bohemia. The brown radiated 
nodules in chalk cliffs are marcasite, their colour being 
due to the formation ot an external film of hydrated per- 
oxide of iron. The high polish which marcasite takes, 
and its greater freedom from tarnishing than steel, led at 
one time to its being extensively used for ornaments. 
About twenty years ago the French and Swiss jewellers 
manufactured immense quantities into pins, bracelets, 
buckles, buttons, and other articles, and they still retain 
the great bulk of the trade, although it has fallen off very 
much of late years. The ancient Peruviana x\^^^^<^^£^^^ 
masses of it for mirrors and OTnani^iiXa. ^\i^ \£LVW8Rk% 
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were far larger, nnd of a purer white, than can be found 
now, and it is usual to refer to Ihem aa a variety of mar- 
oasite under the name a? pierre des Incas, or etone of the 
lucaB, in allusion to its use having been almost entirely 
confined to the Incas, or ancient nobleg of Pern. 

MoLTBUKNiTB. (MoS„ or Mo = 59'80 ; S = 40'20.) 

There is aomo ancertointy to which system its crystals 
belong, Koksharow assigns them to the trimetrlc, or 
possibly to the raonoclinio system, to which latter Nor- 
denskiold and others also think they may belong. There 
is also an opinion among some miner alogis Is that tliey 
belong to the hexagonal system. The mineral has a pare 
lead-grey colour, and in hardness and external characters 
resembles graphite ; but it is readily distinguished from 
it by the green trace it leaves on porcelain, and by its 
partial solubihty in nitric acid. It ia soft (H =: 1 or 1-5), 
smooth to the touch, ductile, and slightly flexible in thin 
plates ; the lustre is metallic ; the sp. gr. 4'5 (50,301) — 
4'8 (53,65-t), and sp. ht. -123. It is with difBcnlty fiiaible 
in the blowpipe flame; on charcoal the sulphur is driven off, 
while the molybdenum ia oxidised, and forma a yeUowish 
white incrustation of molybdic acid. On platinum the 
flame is colonred green. It occurs in many of the older 
cryatallised rocks, such na granite, schist, or in metal- 
liferous veins traversing them ; it is only met with in small 
quantities, but baa been found in numerous localities, and 
amongst others, OornwaU, Cumberland, Leiceetershira, in 
England ; Saxony, France, Norway, Sweden, Finland, 
Siberia, Greenland, United States, Brazil, &e, Paleraile 
ia probably a sulphide of molybdennm. Its coinpoaition 
ia aaid to bo M083 ; but hardly anything appears to be 
known as to its properties. 

Rbaloar. (Ab8 or Aa = 70 ; S = »3, Si/n. Red 

Orpiment ; Ruby Sulphur.) 

It oecurs in small granular masses and in crystals of an 

orange-yeQavi, or aurora red eolonr. The cryatnls are 
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more or less trandacent, and have a re&inons lastre, a con- 
choidal fracture, a specific gravity of from 3*4: (37,905) to 
3-6 (40,140), a sp. ht. of '111, and a hardness of 1*5 or 2, 
which is less than that of the finger nail, by which they are 
easily scratched; they consist of obliqne rhombic prisms and 
belong to the monocHnic system. It is readily fused by the 
blowpipe, and may be volatilized by it into a yellowish or 
reddish vapour, which has a strong odour of sulphurous 
acid. This, together with its lower specific gravity, serves 
to distinguish it from the red ores of silver and lead. 

It is usually found in volcanic rocks and in veins contain- 
ing silver, lead, and cobalt ores. In the Hungarian localities 
it is accompanied by native arsenic, yc^llow orpiment, bis- 
muth, and blende ; in the Binnenthal, Switzerland, it forms 
small threads in granular dolomite accompanied by iron 
pyrites; at Falkenstein the gangue is granular gypsum, 
and the accompanying minerals are yellow orpiment and 
blende ; it also occurs in beds of clay, as at Tajowa, Hun- 
gary, and in lavas, such as that which flowed from 
Vesuvius in 1794. 

Sylvanitb. (Au ; Ag. Tcg or Au = 28*6 ; Ag = 16*6; 
Te = 55'S. Sj/n. Graphic Tellurium.) 

It occurs in exceedingly minute prismatic acicular 
crystals, derivable from a right rhombic prism with an 
angle of about 108^. They are grouped together at 
angles of about 120® and 60®, so as to have some re- 
semblance to the Persian writing. The specific gravity is 
8*28 (92,553), according to Petz ; the hardness 1*5 or 2 ; 
the fracture uneven ; the lustre metallic ; and the colour a 
clear steel-grey. When fused on charcoal it colours the 
flame green and leaves a yellow residue of gold and silver ; 
in nitric acid the tellurium is dissolved and the gold and 
silver left as a yellow precipitate. In aqua regia the tel- 
lurium and gold are dissolved and the silver precipitated 
as chloride. It is found, associated with native gold and 
tellurium ores, in veins traversing porphyry at 0€^\!Ai«K^^% 
A variety is met with at Nagyag, in yrtilciV^^ «\^^x\kaA 
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been mote or lees replaced by lead and antimony, and the 
cbHracters somewhat modified. It ia called mvllerine, and 
Las a silvery white colour. The varioas specimena referred 
to aylyanite and mullerine, may be regarded aa isomorphous 
mixturea of AuTe,, AgTe,, PbTe,, AuBb,, AgSb,, and 
PbSb,. 

AuTiaoniTB. (Sb,8, or Sb = 73-77; S = 27-23. 

Syn. Stibnite; Stibine ; Gray Antimony ; Antimony 

Glance.) 

It oryBtalliseg in six -aided prisms terminated by four- 
aided summitB, which belong to the trimetric syatein. Tiie 
cleavage h distinct, parallel to the shorter diagonal and 
principal axis. The facca of the prism arc etriated lon- 
gitudinally, which indicatea their readiness to break up 
into acicular and capLllary cryatals, the form the mineral 
iiBnally assumes. The colour is lead-grey, inchning to 
eteel-grey ; the lustre metallic ; the fracture subeonchoidal; 
the specific gravity 4-5 (50,301)— 4-6 (51,418) ; the sp. ht. 
'090 ; and the hardness 2. The thin laminx obtained by 
cleavage are alightly flexible. Autimonite is easily fusible, 
thin splintera melting even in a candle fiamc, while it is 
entirely vaporized by the blowpipe. It diaBolves in hydro- 
chloric acid, with disengagement of sulphurous acid; and 
in nitric acid it is converted by oxidation into sulphate of 
antimony. It is aometimea found altered by partial oxida- 
tion into Icemieiile, nnd by further oxidation into valenfinite, 
or the white oxide of antimony. Although not very abtindant, 
it is sometimes accumulated in sufficient quantities to be 
worked as an ore. It forms veins in the granitic and 
erystaUine sohista of Auvergne, Hungary, France, Bo- 
hemia, and other countries, and sometimes occurs in 
secondary rocka, as at the Perette mine, near Monte Cavallo, 
Tuscany, It ia also mat with in Cornwall, and has been 
brought from Borneo. 

EisMUTBiTB, (Bi,S, orBi = 81-5; S = 18-S. 
Bismuthine ; Bismuth Qlnnce.) 
It crystallises in acicular prisma of the trimetric system, 
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Bimilar in form to those of antimonite, and which, like 
them, have the faces of the prism striated in a longitadinal 
direction. The cleavage is distinct, parallel to the smaller 
diagonal and to the principal axis. The colour is lead- 
grey or steel-grey, the lustre metallic, the specific gravity 
6-4: (71,539), to 6-5 (72,657), and the hardness 2 to 2-5. 
It is easily fusihle, and when heated in the reducing flame 
of the hlowpipe the sulphur is driven ofif, and a globule of 
bismuth is left. It is slowly dissolved by nitric acid. This 
mineral is rare, and, in addition to its crystalline state, is 
found in lamellar and fibrous masses in the primary rocks 
at Bastnas, Sweden, accompanied by copper pyrites ; at 
Joachimsthal, Bohemia, associated with native bismuth ; 
at Haddam, Connecticut, associated with chrysoberyl ; also 
in Saxony, Cornwall, and Cumberland. 

Orpiment. (AsgSg or As = 60-90 ; S = 89-10.) 

The crystals are rhombic prisms belonging to the tri« 
metric system, but on account of their rarity, and want 
»f sharpness of outline, it is not certain whether they are 
ir are not isomorphous with those of antimonite. They 
possess a distinct cleavage, parallel to the small diagonal, 
and split up into thin flexible laminse ; while the faces pro- 
duced by this cleavage are striated longitudinally. They 
are translucent, of a lemon or bright orange -yellow colour, 
and have a pearly lustre on the cleavage faces, and a resinous 
one on the others. Their specific gravity is 3*4 (38,905), 
and sp. ht. '118. Its chemical properties resemble those of 
realgar, but there is one difference, viz., that orpiment 
gives a yellow crystalline deposit when heated in a closed 
tube, while realgar gives a deposit of small red crystals. 
Orpiment occurs in the same geological situations as real- 
gar, and frequently accompanies it. The orpiment of 
commerce is brought from the Levant, and is used for 
making a pigment. IHmorphine is an allied mineral which 
occurs as orange-yellow crystals in the Italian fumaroles. 
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C08ALTIKE. (Co Ab S or Co = 35-47; As =^ 45-18 ; 

S = I9'S. Spt. Cobalt Glance; Silver-white Cobalt ; 

Sulph arsenide of CobBlt.) 

It crystfllliBes in tbe same forma oa iron pyrites, such as 
llie cube, octabedron, pentagonal dodecahedron, nnd hemi- 
hedral modification a of tbem ns in iron pyrites. This last 
cbaracter distingniBhes it from Smaltine, a mineral which 
is often confounded with it. There are other differences, 
etich as that cobaltlne is a sulpbarsenide of cobalt, smaltine 
an arsenide of cobalt ; cobaltine has a distinct cubic cleav- 
age, while smaltine has an indistinct one ; cobaltine has a 
tiu or silver white colour with a roseate tinge, smaltine has 
the same colour with a greviab tinge; cobaltine has a 
specific gravity of 6-2— G-3 (70,411), smaltine of C'3— 6-G 
(73,774), and we might mention aovera! others. The 
hardneaa of cobaltine is 6-S, the ap. ht. '107, the fracture 
uneven and imperfecfly conchoidal, and the streak greyish 
black. On heating it in the blowpipe flame, it gives off 
nTaenical and sulphurous fumes, and 3de]ds a dtiU black 
feebly magnetic globule, which, when melted with borax, 
imparts to it the intense blue flame ao characteristic of 
cobalt and ita ores. 

"With nitric acid it gives a violet solution, and a residne 
of arsenioua acid. It ia readily distinguished from iron 
pyrites by its greater specific gravity and its colour. In 
some specimens the cobalt ia partially replaced by iron, 

Cobaltine forms veins and lumps ingneias associated with 
copper pyrites, common iron pyrites, marcasite, quartz, 
calcareous spar, hornblende, &c. Its principal localities are 
Tunaberg, Hakambo, Eiddarliyttan, Sweden ; Skutternd, 
Norway; Querbach, Silesia; Si e gen, Westphalia; Connecti- 
cut. United States; nnd several places in Cornwall. 

Niokhl-Glanoe. (NiA8SorNi = 35-o; As^45-16,- 

S -= 19-3. Geradorffite ; Snlpharaenide of Nickel.) 

This mineral differs from the iaat in containing nickel 

in the place of cobalt, but resembles it in many of its 

propertieB, It crystallises in tiic same forms, has the sama 
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hardness, and the same specific gravity. The colour is 
somewhat different, being a bright steel-grey approaching 
to silver white. It is partially soluble in nitric acid, giving 
a green solution with a residue of sulphur and arsenious 
acid ; the green colour is changed to violet by the addition 
of a little ammonia. It has been found at Loos, Helsing- 
land, Sweden, associated with cobalt ores ; also in Btyria, 
Hungary, various parts of Germany, and at Phoinixville, 
Pennsylvania,where it is associated with quartz,chalcopyrite, 
and covelline. The arsenic is replaced partially or even 
wholly by antimony ; and thus the nickel-glance may be- 
come metamorphosed into uUmannite, the mineral next to 
be considered. The Tombazite of Breithanpt and Amoihite 
are probably varieties of nickel-glance. 

Ullmannitb. (Ni S Sb or Ni = 27*3 ; S = 16-0 ; 
Sb = 57'7. Syn. Grey Nickel; Sulphantimonide of 
Nickel.) 

This mineral is analogous to cobaltine and nickel-glance 
in composition ; but, although sulphur is the only common 
ingredient, all three are isomorphous. Its colour is steel- 
grey ; hardness 5*5 ; and sp. gr. 6*4: (71,539). When 
heated in the test tube it gives off fumes of antimony 
and sulphurous acid, and a garlic odour. The latter is 
due to arsenic, which is usually present in small quantities. 
It is partially soluble in nitric acid, antimonious oxide 
being precipitated. The solution is green, and is ren- 
dered violet by the addition of ammonia. It is rarely 
found crystallised, but generally in lamellar or compact 
masses. It occurs associated with cobalt ores, galena, 
and copper pyrites, at Siegen, Prussia; at Westerwald, 
Gosenbach, and one or two places in the Harz. 

MispiOKEL. (Fe As S or Fe == 33-67 ; As = 46-63 ; 
S = 19-90. Syn. Arsenical pyrites ; Arseno-pyrite ; 
Sulpharsenide of Iron.) 

Like marcasite, it crystallises in right rhombic prisms 
belonging to the trimetric system, and po%^^^^% ^ ^^^\i5iX. 
cleavage parallel to the faces of the pmm* W. Taa^V Vt^- 
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qnently occurs in abort prisms, or tables, or cobimas. Its 
colour is silver white, inclining to steel grey or yellowiflh ; 
tlie powder and streak arc dark greyiab black ; the luetre 
is metallic; the sp. gr. 6—6-4 (71,539) ; the sp. ht. -101 ; the 
liardness 5-5 — 6; and the fracture granular and uneven. 
When heated in a tube the red eublimate of sulphide of 
ttrsenic is given off; and when heated by the blowpipe 
on charcoal the sulphur and orscnic are driven olf, and a 
black magnetic globule of iron (sometimes containing 
cobalt) remains. In hydrochloric acid the iron and arsenic 
nre dissolved, and the sulphur separated. It ia moat 
easily distinguished from marcaaite by its hardness and 
specific gravity. The iron is sometimes replaced by 
cobalt, giving rise to the cobaltiferoua varieties, and also, 
but to a less extent, by silver and gold. 

Miapicke! ia sometimes dispersed through granites, 
schists, and serpentines, and sometimes occurs in threads 
and nests in metalliferous veins, especially in those con- 
taining tin, silver, and lead. It has been found in Saxony, 
Bohemia, Styria, Sweden, United States, and Oornwnll, 
Banaite and glaucodole are varieties containing cobalt ; 
crystals of the latter found at Orawitza in the Bannat 
have contained only 4-5 per cent, of iron, and 32 percent, 
of cobalt, and ought, therefore, perhaps, to be referred to 
dsnaite, as a distinct species, or as a sulpharsenide of 
cobalt isoniorpho US with aulpbarsenide of iron. 

PvRRHOTiN. (Syn. JIagiietio Iron Pyrites ; Magnetic 
Pyrites.) 

No formula is assigned to this, for tlie reason that while 
some mineralogistH malie it an indefinite mixture of two 
simple sulphides of iron, others make it a definite com- 
pound of two other kinda of sulphide of iron. The per- 
centage composition is generally admitted to be, sulphur 
39-6 ; u-on 60-4. 

Its crystals are usually six -sided tables belonging to the 
hexagonal system. The primary form is a hexagonal 
prism, which has a distinct basal cleavage, but an india- 
tiBot one p.irailel lo the vertical faces. Crystals, however, 
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are rare, and it is generally met with in granular amorphous 
masses. It has a slight metallic lustre; a reddish bronze 
yellow colour ; a dark greyish black streak and powder ; 
a sp. gr. of 4-5 (50,601)— 4-6 (51,418) ; a sp. ht. of -160 ; 
and a hardness of 3*5 to 4*5, which is less than that of 
the other iron pyrites. It is brittle, breaks with a subcon- 
choidal fracture, readily tarnishes, and is slightly magnetic. 
When heated in a test tube sulphurous acid is evolved, 
and when melted by the reduction flame the same thing 
occurs, leaving a magnetic black globule. It is soluble 
in dilute acids with separation of sulphur and evolution of 
sulphuretted hydrogen. 

Pyrrhotin has been found in meteoric stones, and in the 
older crystallised rocks. Amongst other localities may be 
mentioned Bodenmais, Bavaria, associated with cordierite 
and orthoclase ; Breitenbrunn, Saxony ; various places in 
the Harz, Norway, Sweden, France, United States, 
Mexico, Brazil, and in Cornwall, associated with ores of 
tin and copper. 

Sternbergitb. (Fe, Ag Sg or Fe = 35*6 ; Ag = 34*1 ; 
S = 30-3. Si/n. Sulphide of Silver and Iron.) 

It occurs in pinchbeck brown hexagonal plates, derived 
from a right rhombic prism, with an angle of 119<» 30', 
which yield a black powder, possess a metallic lustre, and 
readily cleave in a direction parallel to the modifying 
faces of the four basal edges. Its faces are often tinged 
with a bluish iridescence. The thin lamina have con- 
siderable flexibility. It has a sp. gr. of 4'2 (46,947), a 
hardness of 1*5, and marks paper like black lead. Before 
the blowpipe it gives the reactions of iron and silver. 
It is found at Joachimstkal, Saxony, associated with 
various argentiferous mineriJs, such as argentite, and 
pyrargyrite. 

LiNN-EiTE. (Oog S^ or Co = 57'9 ; S = 42-1. St/n. 

Siegenite ; Cobalt Pyrites.) 

This is probably a combination of the proto- ^\A 
Bcsqui-sulphides of cobalt. It cryBtdl\a^% \tl \^^\i\s>x <^<i\».- 
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hedronfl and caLea which preeent no apparent cleavage ; tlie 
colour is silver white, with a reddish or yellowiah tinge ; 
the lastre metftlllo ; the fractnre uneven ; the hatdneeB 
6-5; and the sp. gr. 4-1) (54,772). It is distinguiBhed 
from smaltine and cobaltine by not giving any arsenical 
odour when heated. Before the hiowpipe the aulphur is 
driven off, and a grey glohule of cobalt is left, which 
forms a blue flux with borax. The cobalt ia asaally 
replaced to a greater or lesa extent by iron, nickel, and 
copper. The nickeliferons variety is called Siegenite, and 

may be represented by the formula Ni : Co, S^ ; the 
onpriferouB variety is called CarroUte ; other varieties are 
formed by the partial substitution of bismuth for sul- 
phur. Linnteite is very rare, and especially so itt the 
crystalline state. At Bastnas, in Sweden, it forms brilUant 
granular maasea in gneiaa, and is easociated with copper 
pyrites and hornblende ; at Looa, Helaingland, it is asso- 
ciated with pyrites, arsenical cobalt, sulpbaraenide of 
nickel, and native hiamuth; at Miisen, near Siegen, 
Frusaia, it is associated with iron pyrites, copper pyrites, 
carbonate of iron, and galena. It has also been found in 
the United Statea. 

Copper Pyrites. (Cu Pe S, or Cu = S4-8 ; Fe = SO'S ; 
S ^ 35-4. S^n. Ohalcopyrite ; Towanite ; Yellow 
Copper Ore ; Sulphide of Copper and Iron.) 

This mineral is a combination of salphide of copper 
with bisulphide of iron. It forms bemihedral cryetala 
belonging to the dimetric ayatem, and occurs in tetra- 
hedrons and octahedrons, which have considerable 
resemblance to those of the regniar system, but are 
distingniflhable by the angles being different. In the 
regniar octahedron the angle made by the terminal faces 
is 109° 28', while in the octahedron of copper pyrites 
it is 109° 53'. It poasesaea cleavages in two directions, 
but neither of them are very distinct. Copper pyrites 
ia also met with in dendritic, concretionary, and oom- 
pact masses. It has a greeniah brads yellow colour, which 
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becomes more or less iridescent by tarnishing, while the 
streak and powder are greenish black. The lustre is 
metallie; the sp. gr. 4*1 — 4*3 (48,055); the sp. ht. -131 ; the 
hardness 4; and the fracture conchoidal and uneven. Before 
the blowpipe the sulphur is evolved in fumes of sulphurous 
acid, leaving a black globule of copper and iron, which is 
attracted by the magnet. It dissolves in nitric acid 
with separation of sulphur ; and the solution is turned 
blue by ammonia with the separation of oxide of iron. 

It is from this mineral that the great bulk of the 
copper of commerce is obtained. It is the most com- 
mon of the copper ores, but, compared with most, it 
contains but little copper; for instance, copper pyrites 
has 34 per cent; azurite 65 per cent.; malachite 57 
per cent. ; melaconite 80 per cent ; and the red oxide 88 
per cent. In each case, however, the yield is generally 
much less, owing to the presence of impurities, as exem- 
plified in the principal Oomish copper ore, which is a 
copper pyrites largely mixed with iron pjnrites, and yield- 
ing from 3 to 12 per cent, of copper. 

Ck)pper pyrites occur in the more highly crystalline 
rocks, such as gneiss, talcose schist, argillaceous schist, as 
also in sedimentary deposits, especially where they are 
traversed by mineral springs and serpent inous rocks. 
There is a fine collection of specimens of this mineral in 
the Museum of Practical Geology, which comprises speci- 
mens from Cornwall, Devonshire, Wales, and Ireland. 
The most celebrated mines in Europe are at BOraas, 
Norway; Fahlun, Garpenberg, and Nya Koppar-berg, 
Sweden ; at Eammelsberg in the Harz, where it forms 
beds in a schistose rock, and is associated with iron 
pyrites, blende, and galena ; at Monte Oatini, Tuscany, 
in the rock called gahhrOy where it is associated with bor- 
nite. There are a few mines in France, as at Ohessy, 
Baigorry, Chalanches, Giromagny, and St. Marie aux 
Mines, but none of them are extensive. This mineral 
is also met with abundantly in South Australia and 
North America ; in the latter coxmlrj \V. \a ^QxcksJc^tCL^^ 
associated with gold and quartz veiue. 

It 18 dJatiDguiBbed from iron -pyxvUft \yj VVa wwJ^^^ 
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Bpecific gravity and hardness ; and from gold by ita brittle- 
neaa and ita Boliibility in nitric acid. By alteration it 
becomefl converted into malacliite, covelline, chryBQCoUa , 
black copper, copper glance, and oxide of iron. w^^ 

Tis FvRiTBs. (Si/n. Bell-metal Ore.) ^Hi 

This is a complicated combination of the sulphidee of 
iron, tin, and copper, for which numerous formulie have 
been proposed. Perhaps the best is (OuS + FeS), Bn 
S, as proposed by Kudernataoh and Rose. It crystalliaea 
in rectangular prisms, wkicli are believed to be quadratic 
prisma rather than cubes. It has a greenish grey colour, 
a black powder, a specific gravity of i-5 (50,301), a 
hardness of i, and an uneven conchoidal fracture. When 
fused by the blowpipe on charcoal, it forms a white powder 
of oside of tin. It is partially eoliible in nitric acid, with 
the formation of a white precipitate which is soluble in 
hydrochloric acid. The nitric acid solution ia rendered 
hlao by ammonia, which also aeparatea the oxide of iron. 
It is a rare mineral, and is scarcely Ivnown out of Oornwall. 
It is aBBOciated with copper pyrites, ordinary pyrites and 
blende, at the Huel Eock mine, at 8t. Agnes ; and with 
blende and galena at Zinnwald, in the Erzgehirge. 

Geooronite. (6 PbS. SbjS, or Pb = 67-fl ; S = 16-6 ; 
Sb = 16'9. ^Si^n. Sulpbantimonite of Lead.) 

It usually occurs massive, but sometimes in crystals be- 
longing to the dimetric system. It has a light lead-grey 
colour and streak ; a metallic lustre ; a conchoidal fracture; 
a specific gravity of 65 (72,657), and n hardness of from 

12 to 3. It is readily fusible by the blowpipe, giving the 
reactions of lead, sulphur, antimony, and sometimes arsenic. 
Its localities are the silver mine at Sala, and the copper 
mine at Fabian, Sweden; at Meredo, Spain; and nt Pietro 
Santo, Tuscany. There are several varieties ; one em- 
braces the arsenifcrous specimens ; another (KilbrickeniCe) 
those in which the proportion of the two aulphides is aa^^^ 
L to 1,- and a th\iA (Meneghinite), from Bottino, Tuaci^^^H 
H tiois in wbiab the proportion lb aa 4 to \. ^^H 
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Stephanitb. (6 Ag,S. Sb.Sj or Ag = 70-1 ; Sb = 
13-1; S = 15-80. S^n. Black Silver; Britfle 
Silver Glance.) 

It occurs in tables or short prisms with six sides and 
modified basal edges, derivable from a rhombic prism 
with an angle of 115^ 39'. The faces of the prism are 
vertically striated, and the crystals are frequently grouped 
somewhat in the same way as those of marcasite and 
arragonite. The cleavages are very indistinct. The 
colour of the crystals is dark iron-grey, and that of the 
powder black. The specific gravity is 6*2 to 6*3 (70,411), 
the hardness 2*5, and the fracture conchoidal. Before the 
blowpipe the sulphur and antimony are volatilized, and 
a grey globule is left, which, when reduced with soda, 
yields a button of silver. The solution formed by treating 
it with hot nitric acid precipitates silver on a copper- 
plate. It is one of the richest of the silver ores, and is 
found in argentiferous veins associated with argentite and 
pyrargyrite. Beautiful specimens have been obtained from 
various localities in Saxony, Bohemia, Hungary, and 
Mexico, 

Tetrahedrite. (iSyn. Grey Copper Ore ; Fahlerz.) 

This embraces a group of minerals in which one atom of 
a sesquisulphide with antimony and arsenic as a base is com- 
bined with four atoms of a monosulphide having as a base 
one or more of the following metals, viz., copper, silver, iron, 

zinc, and quicksilver. The crystalline form 

is some hemihedral modification of the cube, 

the most common being the tetrahedron (Fig. 

33) ; the colour varies from lead-grey to iron- 

black; the specific gravity from 4*3 (58,055) 

Kg. 3a ^5.2 (58,125); the hardness from 3 to4. There 

are numerous varieties differing slightly in their characters 

according as one or other of the ingredients predominates. 

Thus tennantite is an arseniferous variety o^ «^ ^«:^V^- 

grey colour, and with a reddish-gxey -povj^^T \ ^^ ^^^\sx.- 




136 vrOLClIITE— CHIVIATITE. ^J 

bododecahedron is the prevtuling crystalline form, and 
the cleavage parallel to its faces the most diatinct. Eeforo 
the blowpipe it burns with a blue flame, gives off the odour 
of arsenic, ond yields a scorii which is slightly magnetic. 
It exists in several of the copper mines of Cornwall ; and 
at Skutternd and Modum, in Norway ; as also in Tuscany 
and Algeria, 

Binnite also is an araeniferoua telrahcdrile, occurring in 
the Binnenthal in brilliant black crystHls having a trapezo- 
liedral form, and yielding a reddish powder. Ifa specific 
gravity is 4'4. 

The grey copper ores form beds and threads in schists 
and other of the more ancient slightly metamorphosed sedi- 
mentary deposits, and are found in almost all countries 
where metalUferous lodes abound. They are mined for 
in Saxony, Hungary, Transylvania, the Harz, Thuringia, 
Baden, France, Algeria, England, Sweden, Mexico, Peru, 
and Ciiili. 

WOLcniTE. 

This appears to be an arscnifcrous eulphantimonite of 
lead and copper. It orystallises in right rhombic prisms, 
modified on the vertical edges and basal faces, but whose 
precise form has not been satisfactorily determined. It is 
brittle, and has a blackish lead-grey colour, both in the 
mass and in powder; the fracture Js imperfectly con- 
choidal; the cleavage distinct parallel to the short diagonal; 
the specific gravity 5-7 (63,714)— 6'8 (64,832); the hard- 
ness 8 ; and the lustre metallic. Before the blowpipe on 
charcoal it melts with ebullition, giving rise first to a de- 
posit of white oxide of antimony, then of yellow oxide of 
lead, and finally yielding a lead-grey metallic button, from 
which copper may he reduced by the aid of soda. It 
colours the oxidizing flame green, and the deoxidizing 
flame red. WOlchite is foond in the carbonate of iron 
deposits, afVYljlch orSt. Gertraud, intho valley of Lavaut, 
Carinthia. 

Chiviatitb. (2 (Pb : Ou) S. 3 Bi, S,.) 

A aalphide of lead and bismuth found in crystalliuo 
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foliated masses at Ohiviato, Pern. It has three cleavages 
in one zone, of which one makes an angle of 153^ with 
the second, and of 133^ with the third. The colour is 
lead-grey ; the lustre metallic ; and the specific gravity 
6*92 (87,351). In its behaviour before the blowpipe and 
with the stronger mineral acids it resembles aikinite. 

AiKiNiTB. (Bi Pb Ca Ss or Bi = 35-9 ; Pb = 36-4 ; 
Ca=ll; S = 16*7. S^n, Patrinite; Aciculite; 
Belonite ; Needle Ore ; Acicular Bismuth.) 

It has some analogy to Bournonite in composition, 
containing bismuth in the place of antimony. It crystallises 
in rhombic prisms with an angle of 110^, which usually 
form long needles, frequently deformed by curves and 
transverse fissures. The prisms cleave readily in the 
longitudinal direction. The colour is lead-grey tinged 
occasionally with yellow; the specific gravity is 6*76 
(75,451), and the hardness is 3. When acted on by the 
blowpipe flame, it melts with disengagement of the sul- 
phur and the formation of a white and yellow deposit which 
yields copper when melted with soda. When placed in 
nitric acid it is partially dissolved, while the sulphur and 
sulphate of lead are precipitated. It has been found in 
the auriferous quartz veins in Siberia, where it is associated 
with azurite and malachite, which it is thought may be 
the products of the decomposition of the aikinite itself. 

Bournonite. (Sb Pb Cu Sj or Sb = 26-14 ; Pb = 42-3; 

Ou = 12-99 ; S = 1967.) 

It crystallises in right rectangular prisms, having the 
secondary faces more fully developed than those of the 
primary, so that they frequently present the appearance 
of rectangular tables, modified on their edges and angles. 
The colour in mass and in powder is steel-grey, approach- 
ing black; the lustre is metallic; the specific gravity 5*7 
(63,714)— 5-8 (64,832); and the hardness 2-5. It readily 
melts before the blowpipe, giving rise to white fumes of 
antimonious oxide, a yellow deposit of oxide o^ \fc^^^ «^^ 
to a richly cupriferous slag. It potticKV^ K\aiwX^^^ Ns^ 
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nitrio acid, o portion being deposited ns a precipitate ; ths 
loliition is turned blue by the addition of ammonia, and 
covers a plate of zinc with lead when immersed in it. 

It ia generally found in the plumbiferoue and cnpriferona 
depOBita of the older schists, where it is eesaciated with 
galena, antimonitc, blende, copper pyrites, &a. The prin- 
cipal ganguea are quarta, calcapar, and barytine. It is 
not an abundant mineral, but occurs in Oornwall, the Harz, 
Sftxony, Transylvania, Hungary, Switzerland, Frnnco, 
Chili, Pern, and Mexico. In the last -mentioned country 
it is nsBDciated with tetrahedrite, malachite, and calcapar, 

BooLANOERiTB. (3 PbS. Sb, 8, or Ph = SS'O ; Sb=23; 
S = IS'l. St/n. Embrithite; Sujphantiraonite of Lead.) 
It is not known to what cryatalline ayatem it belongs. 
It occurs in amorphous masses, having a crystallo -laminar 
or fine-grained structure, and in baclllar aggregations, the 
colonr of which is a dark lead-grey, while the powder is 
atill darker. It haa a specific gravity of 5-8 (64,832), and 
a hardness of 3, When melted before the blowpipe, it 
yields a deposit of the oxide of antimony and lead, mingled 
with a brittle metallic lead. It dissolves in hydrochloric 
acid, with evolution of sulphuretted hydrogen. It is liable 
to considerable alteration by which its cliaractera are 
modified. It Is accompanied by quartz, pyrites, and anti- 
monite, at MoliSres, France ; and with nntimonite, pyrites, 
and mispickel at Nertchiask, Siberia ; it has also been 
found at Bottino in Tuacany ; and at NasaQeld in 
land, and a few other localities. 



1 



KoBELLITB. 

Tliis appeara to be a compound containing the solphides 
of lead, antiraoflv, and bismuth, the cryatalline form of 
which has not been ascertained. It occurs in fibrous 
radiated masses in the cobalt mine of Hvena, Sweden. 
It has some resemblance to antimonite, but has a brighter 
lustre. The colour is lead-grey, that of the powder being 
black, and tha sp. gr. 6.3 (70,3U). When melted with 
the blowpipe on charcoal it yields a yellow and white de- 
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posit, and a white metallic globule. It dissolves in strong 
hydrochloric acid with evolution of sulphuretted hydrogen. 

Pyrargybitb. (Agg Sb S,, or 3 Ag, S. Sb, Sj or Ag = 
59-77 ; Sb = 23-52 ; S = 17-71. S^n. Red Silver ; 
Euby Silver ; Aerosite ; Black Silver ; Sulphanti- 
monite of Silver.) 

Its crystals belong to the hexagonal system, and are 
derivable from an obtuse rhombohedron, in which the 
angle made by the terminal edges is 108° 20', They 
are usually regular six-sided prisms and scalenohedrons, 
sometimes hemihedrally modified ; and they cleave parallel 
to the faces of the primary rhombohedron. The colour is 
a bluish or blackish lead-grey, tinged in places by the 
carmine-red which is exhibited by the streak or fractured 
surface ; the fracture is conchoidal ; the lustre adamantine or 
metallic ; the hardness 2 to 2-5 ; and the sp. gr. 5*7 (63,714) 
to 5*9 (65,950). When melted on charcoal, which it 
readily does before the blowpipe, it gives off fumes of 
antimony and sulphurous acid, and leaves a globule of 
silver ; when treated with hot nitric acid, the silver is dis- 
solved, and sulphur and antimonious oxide deposited ; and 
when treated with hydrochloric acid, the deposit formed 
consists of chloride of silver. 

It is generally crystallised, but sometimes occurs in botry- 
oidal and concretionary masses. Its usual situations are 
in lodes containing argentite and argentiferous galena, and 
the principal localities are in the Harz, Saxony, Bohemia, 
Hungary, Spain, France, Norway, Cornwall, and Mexico. 
It is sometimes altered into argentite, probably from anti- 
monite being the more soluble of the two minerals. 

Proustitb. (3 Agg 8. As, Sj, or Ag = 65*38 ; S = 
19-46 ; As = 1516. Si/n. -Light Red Silver Ore; 
Sulpharsenite of Silver.) 

It resembles pyrargyrite in colour and form, but may 
be distinguished by its lighter tint. Its crysttds are de- 
rived from an obtuse rhombohedron, in which the wv^^ 
of the terminal edges is 107** 49', and in «K\. \!jift \xiSi^%L^^ 
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forma there are correspondingly alight differencGB in the 
nnglefl. The etreak, hardneaa, fracture, cleavagee, are 
the flame as in pyrnrgyrite ; hut the luetre is rather leBs 
metallic, and the ep.gr. is only S'i (60,361) to 5'6 (61,i79). 
The blowpipe reactions are similar, proustite being dia- 
tinguiflhed by the garlic-like odour afforded by the araeuic. 
It JB met with in the eame localities as pyrargyrite, but 
far less abundantly. 

WiTTicHiTE. (3 OuS. Bi.Sj.) 

This resembles aiicinite. Chemically it differs from it 
In the subBtitntion of copper for lead. It occurs in light 
flteel-grcy needles, readily cleavahlo in the longitudinal 
direction, at Wittichen, in the Black Forest. 
PoLYBAsiTE. (9 Ag, 8. Sb, 8, or Ag = 76-2 ; S = 14-9 ; 
Sb = 3-9.) 

It crystallises in hexagonal prismatic tables, the terminal 
faces of which arc marked with Btrise which cut each other 
at an angle of 60°, and consequently form triangles. There 
ace also longitudinal striie on the faces of the hexagonal 
prisTo. The terminal edges make an angle of 129" SO". 
There is an imperfect basal cleavage. Both crystals and 
powder are of o deep iron-black, but their lamina) appear 
reddish by transmitted light. The lustre is metallic; the 
hardness 2'3 ; the sp. gr. 6-21 (69,416), and the fractnre 
uneven. The antimony is generally partially replaced by 
arsenic, and the silver by copper, which in some speci- 
mens forms as much as 10 per cent, of the mineral. 
Stepbanite and iron pyrites are occasionally met paeudo- 
morphous after polybasite. The principal localities are 
at the Guanaiuato and Guarisamey mines, Durango 
province, Mexico, associated with copper pyrites and 
calcareous spar ; at the mines near Freiberg, Saxony ; 
and in those of Joachimsthal, Bohemia, and of Schemnitz, 
Hungary, 

Fbhibblebenite. (Sb, : Ag, ?„. 2 PbS, Sj/n. Anti- 
monial Sulphide of Silver.) 
It occurs in monoclinic crystals, derivable from n right 
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rhombic prism, with an angle of 99° 48', and having a 
diitinct cleavage parallel to the faces of the prism ; there 
are also cleavages in two other directions, bnt they are 
less distinct. The crystals are striated in a longitudinal 
direction ; have a light lead-grey colonr, a metallic lustre, 
a conchoidal fracture, a hardness of 2*25, and a sp. gr. 
of 6-2 (69,303) to 6-4 (71,539). They are opaque, 
brittle, and readily scratched with a knife. Before the 
blowpipe on charcoal it gives off white vapours and a 
sulphurous odour, deposits the oxides of antimony and 
lead on the charcoal, and yields a globule of silver, which 
sometimes contains copper. It is a very rare mineral, and 
has been found at the Himmelsfiirst mine, near Freiberg, 
in gneiss associated with carbonate of iron, argentite, 
galena, and blende inaquartzose gangue; as also at Kapnik, 
Transylvania; Ratiborschitz, Bohemia; and Hiendelen- 
cina, Spain. The above formula seems to show that 
Freieslebenite is an isomorphous mixture of 3 parts by 
weight of argentite = 3 AggS ; 3 parts of antimonite = 
3 8b, Sg ; and 4 of galena = 4 PbS. The association of 
galena and argentite is probably due to water having 
carried off the more soluble antimonite. 

Brongniardite. (2 Pb AgS. Sb^ S,.) 

This is a sulphantimonite of lead and silver, usually occur- 
ring in amorphous masses, showing no signs of cleavage 
or crystallisation. A few specimens have been found in 
Bolivia with crystals intermediate between the regular 
octahedron and rhombo-dodecahedron. It has a metallic 
lustre, a greyish black powder, and a sp. gr. of 5*95 
(66,509). It readily melts before the blowpipe, giving 
off white vapours with a sulphurous odour, and yielding a 
globule of silver amidst a deposit of yellow oxide of lead. 
It is also found in Mexico. 

Jamesonttb. 

A sulphantimonite of lead, whose crystals belong to the 
trimetric system, the dominating form of which ia a t\3LQ.\s!L« 
bic prism with angles of 101° 20', and 1&^ 4£i . \\.\^ ^^ 
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(bnnd in bacilkr and fibrous masses, with delicate tibrsB 
arranged in a divergent manner. The cleavage parallel 
to the base is the moat distinct ; while others, parallel to 
the faces and short diagonal of the prism, are leee distinct. 
It has a dark steel-grey colour, a metallic lustre, a hard- 
neaa of 2-5, and a sp. gr. of 6-5 to 68 (6i,832). It is 
readily fused by the blowpipe, hut decrepitates ; in othet 
respects its behaviour ie like that of zinienile. Its prin- 
cipal locality is Oornwall, where it is asaociated with 
quartz and bournonite ; there are other localities in Spain, 
Hungary, Tuscany, Siberia, and Brazil. 

Hbtbromorphitb. (2 Pb3. Sb,S, or Pb = 49-71 ; Sb = 
30-97; B = 10-32. ^j«. Plumoeite ; Feather ore.) 
A Bulphantimouite of lead, which crystallises ia ex- 
ceedingly flexible fibres, interlaced in all directions, so as 
to present the appearance of a cobweb ; it also forms 
compact masses having an imperfectly compact structure. 
It probably belongs to the trimetric system ; but this is 
nncertain, as the dimensions of the prisms are not Imown. 
Its colour is between lead-grey and steel-grey, sometimes 
modified by iridescence ; the lustre submetallio or ailky ; 
the hardness 3; and the sp. gr. 57 to 5-9 (66,950). It 
behaves like zinkenite before the blowpipe. It is met 
with in metalliferous veins associated with antimonite 
(with which it is often confounded), zinkenite, galena, and 
plagionite. Wolfsberg, in the Harz, is the principal locality ; 
and less important are Aadreasherg, Olansthal, Freiberg, 
Schemnitz, PfafFenberg, Meiseberg, and Eottino. 

DcpREsoyaiTB. (2 PbS. As, S, or Pb = 67-2; S = 
22-1 ; As = 20-7). 
This is a sulpharsenite of lead, but the name is fre- 
quently given to what we have called binntle, which ia a 
sulpharsenide of copper, Dufrenoysite resembles hetero- 
morphite in its chemical composition, and differs from it 
only in containing arsenic instead of antimony. Its 
erystals are right rhombic prisms, derivable from a funda- 
toeata} pi-iani with an angle of 1 18°. There ia a slight 
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basal cleavage, but a more distinct one parallel to the 
shorter diagonal. The colonr is between lead-grey and 
steel-grey in the crystals, and reddish brown in the 
powder. It is very brittle, cmmbling down between the 
fingers, and has a sp. gr. of 54 to 6'6 (61,479). When 
heated in the blowpipe flame on charcoal it readily melts, 
giving rise to the odours of heated sulphur and arsenic, 
and leaving a globule of lead in the midst of a yellow 
deposit. It is found in the Binnenthal, associated with 
the crystals of realgar, and less frequently with orpiment, 
blende, and yellow pyrites. 

Plaoionitk. (5 PbS. 4 Sb.Ss or Pb = 40-74; Sb = 37*86 ; 

S = 21-40.) 

A sulphantimonite of lead occurring in monoclinic 
prisms, derivable from an octahedron in which the axes 
a : b : c are as 1 : 0*88 : 0*37. The colour is a blackish 
lead-grey ; the basal faces are smooth, and more brilliant 
than the others, which are striated ; the lustre is metallic ; 
the hardness 2*5 ; the sp. gr. 6-4 (60,631). It is readily 
melted by the blowpipe, but with decrepitation ; fumes of 
sulphur and antimonious oxide are given off, and a few 
globules remain covered by a yellowish deposit of oxide 
of lead. It is found at Wolfsberg, in the Harz, along 
with antimonite, zinkenite, bournonite, and heteromor- 
phite. 

Grunauite. (Syn. Saynite ; Nickel-bismuth Glance.) 

This is a native sulphide of bismuth and nickel, re- 
garded by some mineralogists as a distinct species, and 
by others as a variety of Linnseite. It is found at Gru- 
nau, in the district of Sayn-Altenkirchen, Westphalia, 
associated with quartz and copper pyrites. Its lustre is 
metallic; its colour steel-grey, with a slight dash of 
yellow ; its hardness is 4*5 ; and its sp. gr. 5'] 4 (57,454). 
It crystallises in octahedrons and cubes, and haa wx q^sXa.* 
hedral cleavage. 
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WoLFSBBEGiTE. (CiiS. Sb,S, or Sb = 60-26 ; S = 
25'08 ; Cu = 24-66.) 
A Bulphantimonitc of copper, freqnenOy occiirmg in 
tables derivable from a right rhombic priam of 135° 12', 
nnd having & blaclciah lead-grey colour, sometimes varie- 
gnted with irideseant tinta. The powder is black and dull ; 
the fracture imperfectly conchoidal and uneven ; the hard- 
neBa3-5; and the ap, gr. 4-7 (52,536), It decrepitates 
before the blowpipe ; melts easily ; covers the charcoal 
with a white deposit : and yields a metalUc button, from 
which copper may be reduced by means of aoda. It is 
fijund at Wolfaberg, in the Harz, mixed with quartE, 
frequently covered with copper pyrites, and associated 
with hcteromorphite, antimonite, and zinkenite ; also at 
Guadez, in Spain, 

Berthiebite. (3 FeS. 2 SbjSs. Si/n. Haidingerite). 
It has only been met with in crystalline or confusedly 
bacillar masses, presenting cleavages in several directions. 
The colour is iron-black or dark steel-grey ; the lustre is 
metallic; the hardness 2-3 ; and the sp. gr. i-28 (47,841). 
ruBCH readily before the blowpipe on charcoal, giving off n 
sulpbuTons odour and antimonial fumes, and leaving a 
black globule, which is attracted by the magnet. It dis- 
solves in nitric acid, with precipitation of white anti- 
monious oxide ; while a blue precipitate is thrown down 
from the solution by ferroeyanide of potoesium. It is 
found in the Martouret mine, near Ohazellea, Anvergne, 
nnd near Padstow, in Cornwall. 

ZiNKENiTE. (PbS. Sb,S, or Sb = 43-45; Pb = 34-67; 
S = 21-68.) 
The primary crystalline form is a dimetrlo octahedron 
with angles of 163» S2', 160° 56', and 33° 36'; these 
occur grouped together in threes, so as to form what has 
been taken for a regular six-sided prism with longitu- 
dinally striated faces. The colour and streak are steel- 
ffrey, eoDiclinies with a bluish or iridescent tinge ; tiie 
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fracture is aneven; the lastre metallic; the hardneis 
3*5 ; and the sp. gr. 5'3 (59,233). It decrepitates when 
heated hy the blowpipe flame, melts with facility, and 
yields white fumes of antimony, a yellow deposit of oxide 
of lead, and a globule of lead when fused with soda. 
Nitric acid dissolves it with precipitation of a white 
powder containing antimony. It has been found at Wolfs- 
berg, in the Harz, associated with hyaline qnartz, anti- 
monite, and heteromorphite ; and near St Trudpert, in 
the Black Forest. 

MiARGYBiTE. ( Ag,S. Sb, S, or Ag = 36-76 ; Sb « 

4:1-4:9 ; S = 21-76.) 

This resembles pyrargyrite in many of its properties, 
and, like it, is a sulphantimonite of silver, but it contains 
less silver and more antimony. It occurs in monoclinio 
prisms with striated lateral faces, and an imperfect 
cleavage parallel to those faces. The colour is steel- 
grey or iron-black in the mass; but their laminaa are 
blood-red by transmitted light, and the powder is a dark 
cherry -red ; the fracture is subconchoidal ; the lustre ada- 
mantine or submetallic ; the hardness 2 to 2*5 ; and the 
sp. gr. 5*2 to 5*4: (60,631). Its blowpipe reactions are 
like those of pyrargyrite. It has as yet been found only 
at Br&unsdorf, Saxony ; but it is possible that some of the 
localities assigned to pyrargyrite belong to miargyrite. 
The antimony is sometimes partially replaced by arsenic, 
as in the variety called hypargyrite, from the mines at 
Claustbal. 

Ekaugitb. (3 CuS. As, S. or Cu = 48-6 ; S = 32-53 ; 

As = 18-82.) 

A sulpharsenate of copper, crystallising in trimetric 
prisms with an angle of 97^ 53', and a perfect cleavage 
parallel to the faces of the rhombic prism. It is very 
brittle, and has an iron-black colour, a metallic lustre, an 
aneven fracture, a hardness of 3, and a sp. gr. of 4:'3 to 
4*4 (49,183). It decrepitates when heated, eaalVs; tsi^^ 
before the blowpipe, and yields vapowx^ ol w^^t^a «kA ^ 

H 
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wMte deposit on the charcoal. It is soluble in nitro- 
muriatic acid. Its localities are Moi'ocooha, Peru ; New 
Granada, Ciiili ; Cosihuarichi, in Mexico ; Chesterfield, 
S. Carolina ; Colorado ; and in Alpino co., California, 

Baekhaiuititb. 
A sulphide of copper and iron, found at variouB 
localities in N. Carolina. It has a bronze yellow 
colour, a conehoidal fracture, a metallic lustre, sp. gr. 
of 4-5, and a hardness of 3-5. It readily tarnishes in 
the air, and acquires a roae-red colour. 

AE SEN AEGENTITE . 

The e:datsneo of an arsenide analogous to domejlcitB 
is indicated by a mineral found in the museum of the 
Glasgow University. It consists of acicular trimetric 
crystalB in metallic arsenic. Their composition was 
81;37 per cent, of silver and 18-43 of arsenic, which 
answers to Agj As. The sp. gr. is 8-825. 

COLORAEOITB. (Hg To,) 

A telliirida of mercury found in the massive state. 
The hardness is 3, the sp. gr. 8'627, the lustre metallic, 
the colour iron black, inclining to grey, and the fracture 
uneven to suhconchoidal. It slightly decrepitates when 
heated in the tube, fuses, and yields metallic mercury 
as a sublimate, tellui'ium trioxidein drops, and metallic 
tellurium near to tho assay. Nitric acid dissolves it. 
It occurs in small quantities at the Keystone, Mountain 
Lion, and Smuggler Mines in Colorado. 

ScHKEIDEnslTE. 

Some flexible magnetic flaies have been found in 
meteoric iron which secma to be essentially a pho.sphide 
of iron and nickel, having a hardness of 6-5 and g 
^. of 7-in. 



id j^ffi^ 
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Oldhamite. 

This is another mineral found in aerolites. It is a 
sulphide of copper containing a small amount of sul- 
phide of magnesium. The spherules show indications 
of a cubic cleavage. The hardness is 4, and the sp. 
gr. 2*58. Colour pale chestnut brown, transparent 
when pure. It readily dissolves in acids witii the 
evolution of sidphuretted hydrogen and deposition of 
sulphur. It occurs in granules which are generally 
coated with a thin film of sulphate of lime, and em* 
bedded in enstatite or augite in the Busti and Bishop- 
ville meteorites. 

Troilite. 

A mineral found in meteorites, which closely resembles 
pyrrhotin in appearance and in many of its properties. 
It contains nearly the same proportionate amount of 
sidphuric and of iron, but differs in being a true proto- 
sulphide of iron. The hardness is 4 ; sp. gr. 4* 8. It 
occurs in the meteorite which fell at Albareto, in 
Modena, and in several which have fallen in Tennessee. 
But almost all meteoric irons contain this particular 
sulphide of iron in small nodules, which are scattered 
more or less plentifully through the general mass of 
the iron. 

Ebtjbescite. (CuFeS. Sijn. Purple Copper Ore.) 

It occurs in crystals belonging to the regular system 
which show traces of octahedral cleavage. In the 
closed tube it gives a faint sublimate of sulphur when 
heated, while in the open tube it yields sulphurous 
add, but no sublimate. Nitric acid dissolves it with 
separation of sulphur. It is a very abundant and valu- 
able ore of copper, occurring at Eoss Island, EliUamey, 
Ireland; at Mount Catini, Tuscany; in shale around 
Mansfeld in Germany; in Norway, Siberia, ^\!L^'^^a., 
Hungary, Chili, Peru, Bolivia, M.e:sdfiO\ ^\i "^t^H^ 

h2 
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Connecticut, and at numerous places in the United 
States and Canada. Fine crystals have been found in 
Cornwall, especially near Redruth. 

M 

QVAOXLCAZAHITE. ^1^1 

Although it appvoaches cinnabar in chemical oom- 
poaition it differs from it markedly by its pliyaical 
properties. The speoimens found hitherto hava been 
more or less altered, the sulphur having partly giyen 
place to selenium and the mercury to zinc. It has 
generally been found ia masaes, but a few rhombohe- 
di'al crystals have been observed. The hardness ia 2 — 
3 ; the colour deep black ; streak bluish black, and the 
sp. gr. only7'15; lustre metaUic. When heated on 
charcoal before the bloivpipe it first decrepitates, giving 
off mercurial fiimea, and an odour due to the selenium ; 
afterwards it deposits oxide of zinc and gives a dis- 
tinct reaction for cadmium. In the open tube it depo- 
sits a sublimate grey to black ia colour, composed of 
mercury, sulphur, and selenium ; gives off sulphurous 
acid, and a yellowish oside of zinc remaiae behind. 
Aqua regia dissolves it with the separation of some of 
the sulphur. It occurs at Guadalcazar, ia Mexico, as- 
sociated with cinnabar, quarts, and baryta ; and ia the 
Eedington Mine, California. 

Sybpoobite. (CoS or Co. = e4'8 ; 8 = 35-2.) 

A pure but massive sulphide of cobalt, having a Bp. 
gr. of 5-45, aad a steol-grey colour inclining towards 
yellow. It is found ia some schists along with pyr- 
rhotin at Syepoor, near Bajpootaaa. 



ChrANAjxTATrrE. (Bij Se,.) 

Its chemical coastitutioa is analogous to that of bii 
matbiue, like which it occurs in acicular crj-stals ( 
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the trimetrie system ; strongly striated yerticallj ; hard- 
ness 3 ; sp. gr. 6*25 ; colour bluish grey, streak greyish 
black and shining, and lustre metallic. It is readily 
fused by the blowpipe on charcoal, 3rielding a blue 
flame, and giving out a strong odour indicative of 
selenium. With iodide of potassium a fine red coating 
is obtained, showing the' partial replacement of selenium 
by sulphur. When slowly heated in aqua regia it is de- 
composed. It is found near Guanajuato, in Mexico. 

Crooeesite. 

This name has been given to a selenide of copper and 
thallium found along with berzelianite at Skrikerum, 
in Norway; for which mineral it was formerly mis- 
taken. It contains 17 per cent, of thallium. It readily 
fuses, colouring the flame green, is soluble in nitric, 
but insoluble in muriatic acid. 

WOLFACHITE. 

The formula assigned to this mineral is Ni Sj + Ni 
(As 81)2). It occurs in trimetrie crystals coating nicco- 
lite. H. 5-5 ; sp. gr. 6* 372; lustre metallic, colour silver 
white to tin white, streak black. It is soluble in nitrio 
acid. It is foimd at Wolfach, in Baden. 

CORYNITE. 

Its chemical composition is the same as that of Wol- 
fachite, but it crystallises in octahedrons with convex 
faces, and therefore belongs to a different system, viz. 
the isometric. Hardness 4*5 — 5 ; sp. gr, 5*95 — 6*02. It 
is found at Olsa in Carinthia. 

Datjbreelite. (Fe S + Cr, Sa.) 

A sulphide of chromium and iron which is usually 
found massive, but occasionally in scales having a 
crystalline structure and a cleavage in one dix^^^^syo^* 
Sp. gr. 501 ; lustre metallic, briHiaiit. CoVssvix >S^^^k- 
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It IB infusilile before the blowpipo, but it loses lustre, 
and in the reducing flame becomes magnetic. "With 
borax giros the reaction for chromium. Hydrochloric 
acid has no effect upon it, but nitric acid diBBolvea it 
without liberating any sulphur. It occura in close 
association with troilite in the meteoric iron of Coahuila, 
Mexico ; and has also been met with in the mines of 
Toluca, Mexico ; Sevier, Teanessee ; and of Cran- 
boume, Australia. 

ElONITB. 

A Bulpharsenide of copper and bismuth having a 
conchoidal fracture, an iron-black colour, a black streak 
and a greasy metallic lustre. It is found associated 
■with chalcopyrite at Cremenz, in Switzerland, where it 
18 worked aa a bismuth ore. 

DlAPHOEITE, 

It has the same chemical composition as Preiesle- 
benite, but is distinguished therefrom by its crystals, 
which belong to the trimetric eyatem, by its greater 
hardness, which is 2'5 to 3, and its lower sp. gr. which 
is 5'9, The localities for it are Przdbram, Braunsdorf, 
and Freiberg. 

TlEMAJraiTE. 

A selenido of mercury found in compact masses. 
Hardness 2'5; sp. gr, 7'1 — IS; lustre metallic, and 
colour steel-grey. On charcoal it volatilizes, colouring 
the outer flame azure blue, and giving a lustrous metallic 
coating. It occurs with chalcopjTite near Zorge, in the 
Harz; at Tilkerode; near Glausthal; and near Clear- 
lake in California. 

CllALCOMENITE. 

This name has been given to the only selenite as yet 
known native. It is a selenite of copper and mercury. 
It occurs in monoclinic crystals which are usually 
ja-ianiB. Sp.gr 376. Colour bright blue, transparent. 
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Before the blowpipe on charcoal it fuses to a black -^ 
slag, giving off fumes of selenious acid and colouring 
the flame deep blue. With salt of phosphorus in the 
oxidizing flame it yields a greenish blue glass, which 
becomes blood red when reduced with the addition of 
metallic tin. Soluble in acids. It has been obtcdned 
in the selenides of silver, copper, and lead, found in 
the Oerro de Oacheuta, Mendoza, Argentine Eepublio. 
M. Friedel and Sarrasin have formed it artiflciallj. 



CHAPTER V. 
Chlobides, Beomides, Fluoeides, and Iodides. 

Rock Salt. (Na CI or Na = 39-3; CI = 60-7. Si/n. 
Common Salt ; Chloride of Sodium.) 

It belongs to the regular system, and rarely occurs in 
any other form than the cube. It possesses perfect cubic 
cleavage. It is generally transparent and colourless, but 
is sometimes tinged red, yellow, grey, blue, and greenish, 
which colours can in most cases be driven ofiF by heat. 
The specific gravity is 2'2 (24,591) ; the hardness 2. Its 
index of refraction is 1*54:5, and sp. ht. '213. It is highly 
transparent to the rays of heat, and is the only substance 
known that transmits all kinds with equal facility. It is 
readily soluble in water, but not more so in hot than in cold. 
The salt formed by artificial evaporation of saline water 
decrepitates when thrown on the fire, in consequence of 
the gas entangled with it. The same property is found 
in the rock salt of Wieliczka, which dififers in this respect 
from most other native specimens. 

When a solution is treated with sulphuric acid, sulphate 
of soda is formed. Rock salt may be fused by means of 
the blowpipe, and volatilises at a high temperature. 

Salt is widely distributed in nalwTe, wv^ ^^^^-^^^ <>&0iss^ 
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u a pulvenilent subslance, iu large comjinct masses ot 
rock salt, or in an aqueous aolutiou. Thick beds are 
formed of it, exteniiing over large areaa of country, some 
of which are 80 or 100 feet thick. They are most abundant 
in Btrata of Triaasic age, and are nearly always aMOcialed 
with marls and gypaiim. The mine at Wieliezka, near 
Cracow, is remarkable both for its magnitude and its 
antiqnity. It has been worked Bince the year 1261, and 
atill contains aufliciont ealt to eupply the wants of many 
eenturicB more. The excavations already executed form 
galleriea several miles in length ; while hero and there 
are several large chambers, some of which are used aa 
chapels. There are three beds ; the first is situated about 
200 feet below the eurfnce, and the third about 800 feet 
below the first. Other extenaive beds are found in almoat 
every country. Most of the richest brine springs derivo 
their salt from the Bame Triassic strata, and amongst these 
may be mentioned those at Droitwieb, Cheshire; at Vic 
and Dienze, in France ; at Schonberg, near Magdeburg ; 
and at various places in the United Statea. The pul- 
verulent variety impregnates the soil of many of the large 
deserts of Asia and Africa ; and the ocean and numerous 
lakea are s.iline solutions of different strength, the strongest 
being the Dend Sea, Lake Orooniinh, in Persia, the Great 
Salt Lake of North America, and the salt lakes of the 
Kirghia ateppes. It is difiicnlt to explain the formation 
of large beds of salt, but there are many circumstances to 
indicate that in the majority of instancea they have been 
gradually formed by deposition from water, and not by 
ejection from tho interior of the earth, aa has been main- 
tained by some geologists; amongst others we may notice 
the occurrence of fossil wood and of small brown beetiea 
in the salt, and of numerous foraminifera in the aaliferons 
cloy connected with it. Salt is very aoluble, and many 
substances aro paeudomorphoua after it ; such as gypsum, 
polyhalite, anhydrite, mica, and sandstone. The last is 
thus explained by Haidinger ; — On the muddy shores of 
ft Ben cubes of salt are deposited in consequence of the 
evMporMtion oftbo water; they are covered vrith dry saod 
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blown towardfi the sea ; on the retnm of the water, the 
Bait is disaolvedy the vacant spaces filled np with sand, 
and the whole cemented together. Marttnsile is a variety 
of salt containing 10 per cent, of sulphate of magnesia. 

Sylvinb. (KCl or K = 52-5; CI = 4V-5. Si/n. Diges- 
tive Salt ; Chloride of Potassium.) 

It crystaUises in cubes, like common salt, with which 
it is generally associated. It is met with pure in the 
fumaroles of Vesuvius, in the salt beds of Stassfurth, near 
Magdeburg, and in the mines at Hallein and Berchtes- 
gaden, in Germany; and it is associated with other 
chlorides in carnaUite as well as in sea- water and brine 
springs. It has the same taste as common salt ; a specific 
gravity of 1-8 to 1-9(21,238); a sp.ht. of- 171; decrepitates 
when heated ; and volatilises at a somewhat lower temper:^ 
tnre than salt without being decomposed. It is soluble 
in three times its weight of water at about 60^ Fahr. 
It unites with most of the other metallic chlorides, form- 
ing double salts. 

Sal-Ammoniac. (GN H^ or CI = 66-3 ; NH^ = 33-7. 
Sj/n, Chloride of Ammonium; Hydrochlorate of Am- 
monia.) 

It crystallises in the regular system, the dominant form 
being the octahedron, but the trapezohedron and scaleno- 
hedron also occur, though rarely. It has no smell in itself, 
but when treated with caustic soda or potash it has a strong 
ammoniacal odour ; and when heated it volatilises without 
being decomposed. It has a sharp pungent taste, a specific 
gravity of 1*5 (16,767), a sp. ht. of '373, and is soluble in 
about its own weight of water at 212^ Falir., but is much . 
less soluble in cold water. It is decomposed by most metals, 
and by many salts, the result usually being the formal 
tion of a metallic chloride and the evolution of am- 
monia ; it is also decomposed by exposure to the atmo- 
sphere. It is «*eadily formed by heating nitrogenised 
animal matter along with common salt. It \^ \rt^^\N5i<^^ 
in great abundance in many volcanic d\alT\^V.^ \ ^c>TSN&"Cvav^^ 
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in anch qaantitieB that tlio people collect it by httotlred- 
welghU immediately after an eruption, as, for instftnce, in 
the eruption of Vesuvius in 1795 and 1855, and tbnt of 
Hecla in 1846. It is also present iu the vapour of the 
Bulfatara at PoezuoH ; mixed with anlphut at the island 
of Vnlcono ; in the lava etreams at Lancerote, and else- 
where. Notwithstanding all this, it is a rare natural 
product, owingj to the readiness with which it is decom- 
posed. In many, and probably moat, iustanccs its natural 
fnrmation hae resulted from the action of heat on animal 
matter in the presence of salt water. 

KEnARGTRiTE. (AgCl or Ag = 75-2S; CI = 24-75. 
S^n. Horn Silver; Corneous Silver Ore.) 
It cryetalliBes in the regular system, the prevailing 
form being the cube. While in its native matrix it is 
transparent, or translucent, and of a pearly or greenish- 
grey colour ; but when exposed to the light it becomes 
dark brown or violet-blnck. The specific gravity is 5-G 
(62,596) ; the hardness 1 ; and the lustre greaey or 
adamantine. It is insoluble in water and acids, and 
deposits silver upon a stick of iron or zinc when rubbed 
against it. It is easily fusible, and when melted in the 
inner blowpipe-ilarae it yields a globule of silver, at the 
same time giving off a pungent odour. It is not often 
found in the crystalline etate, but generally forms crusts 
on other bodies, or it is disseminated through various 
earthy and ferruginous minerals. It is rare in European 
mines, but common in those of Chili, Peru, and Mexico. 

The olilorine is frequently replaced to a greater or less 
extent by iodine and bromine. The chlorobromidea may 
. be teganled as isomorphous mistures of bromargyrite and 
kcrargyrite, but some mineralogists have considered them 
to be distinct minerals. Such, for example, are the mineraia 
termed emboUte, tnegahroraile, and milcrobromite. Their 
specific gravity increases in proportion as there is more 
bromine, and the colour varies from pearly-green in the 
apecimena coutainlng S per cent, of bromine, to d&rk 
greeji in those containing 34 pet cent, of the Enme But>- 
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Bromargyrite. ( AgBr or Ag = 57*45 ; Br = 42*55. 
Si/n. Bromite ; Bromyrite ; Bromide of Silver.) 

It usually occurs in small concretions, and rarely in 
crystals ; and then in cubes, octahedrons, and combina- 
tions of the cube and octahedron. It is of a yellowish 
olive -green. It is readily melted by the blowpipe, is 
sparingly affected by acids, but is soluble in a hot con- 
centrated aqueous solution of ammonia. It is found in 
Mexico and Ohili, where it is associated with the 
chlorobromides of silver, which, like it, are worked as 
silver ores. 

loDARGYRiTE. (Agl or Ag = 45*97; I = 64*03. /Sy«. 

lodite ; Iodide of Silver.) 

It crystallises in the hexagonal system, and occurs either 
in small hexagonal prisms (some of which resemble those 
of greenockite), or still more frequently in thin laminie, 
having a cleavage parallel to the principal faces. These 
laminse are of a citron -yellow colour, have a specific gravity 
of 5*9 (65,950), a greasy lustre, and possess a slight degree 
of ductility. lodargyrite readily fuses, colours the flame 
red, and yields a globule of silver when reduced. If 
rubbed when moist against a clean surface, of zinc, the 
iodine unites with the zinc, and leaves the silver in a 
metallic state. It is found in Mexico, in the Ohanarcillo 
mines, Ohili, and at Guadalajara, Spain. 

Fluorspar. (FgCa or P = 48*72 ; Ca = 51*28. Si/n. 
FluateofLime; Fluoride of Calcium ; Fluorite; Fluor; 
Ratoffkite ; Ohlorophane ; Blue John ; Liparite.) 

It crystallises in the regular system, the prevailing forms 
being the cube with octahedral cleavage, and combina- 
tions of the cube and octahedron, such as are represented 
in Figs. 2, 4, and 12 of PI. T. ; it is also found in forms 
like Figs. 8, 10, and 17. The simple octahedron is seldom 
met with, but specimens of a green colour have occurred 
in Derbyshire, Switzerland, and France. Fluorspar may 
also be columnar, granular, or laminat, \V, \^ W^^^ 
transparefl^, and sometimes colourlcBa ; \)\3A. \^ ^^a»A!^^ ^^ 
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vftrious tintfl of gruer, yellow, blue, or violet. lU colonrs 
nre genernlly Lright ; the moat common are violet wilh 
n tinge of greeu, as in epeclmens from Darham and 
YorhBliiro, yellow, purple, and red. The roae-red and 
violet tinta are highly prized, aa in the apeoimens from 
Derbyshire, the Glendnlongh lead mines, and eleewhcrc. 
These colours are readily driven off or modified hy the 
action of heat and eleolricity : this at once shows that it 
ia not due to any mineral colouring matter, Some persuDS 
have attributed it to the presence of organic matter, and 
others to some ill-understood molecular condition. When 
heated to a lilUe below redness, it beoomea Htrongly phos- 
phorescent, hut if heated above redness it loses both its 
pliospli ore scent powers and its colour, a coincidence which 
seems to point to some relation between the two pheno- 
mena. The colour of the phosphorescent light is different 
tLom, and is said to bo independent of, the external colour, 
althongh it resembles it in being of various shades of 
purple, blue, yellow, and green. This phenomenon is 
nowoonaidered to be quite distinct from ordinnry phospho- 
rescence, and Profeeeor Stokes has termed it Jluoreicence, 
Chlorophaiie is a variety which derives its name from its 
green phosphoreacence. The specific gravity of fluorspar 
ia 3'18 (35,446) ; the hardness 4; the lustre ia vitreous; 
and the index of refraction 1-434. It decrepitates before 
the blowpipe, and readily melts into an enamel. When 
treated with hot or strong sulphuric acid it is decomposed, 
with the formation of hydrofluoric acid, which easily 
corrodes gkas. It ia usually more or less impure, contain- 
ing chlorine or phosphoric acid in the place of a portion 
of the fluorine ; sometimes it is largely mixed with clay, 
as in the blue earthy variety (RatoffkUe), or with silica, as 
in some of the Coruiah epccimens. A dark blue variety 
found flt Wulsendorf is said to contain ozone. Waters 
containing alkaline carbonates decompose it, giving .■■iae 
to calcepar with the form of fluorapar ; there are other 
paeudomorphe after fluorspar formed by wafer, such as 
quartz, limonite, haematite, iron pyrites, chlorite, litbqn 
marge, calamine, smithsonite, ceruaite. ^H 
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It is the most abundant of the native compounds of 
finoriney being frequent in drusy cavitiea in dykes tra- 
versing gneiss, granite, mica slate, porphyry, diorite, and 
granular limestone. It sometimes forms the greater portion 
of the gangue in metalliferous lodes, especially those of 
lead and tin, and in this form it is commonly associated 
with galena, blende, calcspar, and hyah'ne quartz. It 
occurs in several hot-springs, and in modern volcanic 
lavas, such as those of Vesuvius, associated with idocrase, 
angite, hornblende, mica, nepheline, and sodalite. 

The massive fibrous fluorspar of Derbyshire takes a 
high polish, and is worked into vases, candlesticks, and 
various ornaments. The mineral is turned in a lathe, but 
its brittleness renders it rather a difficult material to work 
with. The natural colours are heightened by cautiously 
and moderately heating the fluorspar. 

Calomel. (HgOl, or Hg = 85 ; 01 = 15. Sj/n. Horn 
Quicksilver ; Chloride of Mercury.) 

Its crystals belong to the dimetric system, and are 
usually square prisms with four-sided pyramidal summits. 
The lateral edges make an angle of 135^ 6(f, and the ter- 
minal edges an angle of 98® 7'. The colour is dirty 
white or pale grey, but yellow where scratched; the 
lustre is adamantine ; the fracture conchoidal ; the sp. gr. 
6-48 (72,433); and the hardness 1 to 2. It is trans- 
parent, or translucent ; very fragile, yet easily cut ; and 
possesses a high refractive power. It is entirely vola- 
tilised by the blowpipe, and is almost insoluble in water. 
It is found in small quantities crystallised, and in mammil- 
lated masses, associated with cinnabar, at Moschel-Lands- 
berg in the Palatinate, Idria, Almaden, and Horsowits. 

CoTUNNiTE. (PbCljj or Pb = 74 ; a = 26.) 

It crystallises in right rhombic prisms belonging to the 
trimetric system, and with an angle of 118° 38'. It is 
white, with a silky or pearly lustre, and a sp. gr. of 6*24 
(68,570). It is easily scratched by t\i^ ii«\\ \^ t^^'^^ 
fused by the blowpipe, the flame of v?Vi\e\i\\.\A\\^^^\^^% 
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«nd 16 slightly soluble in water aud ackld. It is a rori 
mineral, and waa foun^ in tlie crater of Vesuvius after thi 
eruption of 1822, associated with cbbride of sodium, the 
oxyohloride (atncamite) and sulphate of coppe 
Yttrooeriti!. 
This appears to bo a fluorspar containinp cerium at 
yttrium. It is very rare, nud has been found only in 
masBes with rectangular cleavages, pointing to the cube as 
the principal crystalline form. It is of a bluish or 
greyish colour, and infusible before the blowpipe, which 
deprives it of Its colour, thereby rendering it white. The 
pegmatites of Finbo and Broddbo in Sweden, and Amity, 
Orange Co., U.S., are the only locabliea for if. 

Fltjellitb 

A rare fluoride of aluminium found at Stenna-gyn, 
Cornwall, in acute rhombic octahedral crystals, associated 
with wavellite and nranite. It is white, transparent, and 
bas a hardness of 3, 

Chiolite, 

This is regarded as n mixture of the fluoride of Hodinm 
witb fluoride of aluminium It belongs to the dimetric 
eyatem, crystallising in minute, snow -white, translucent 
octahedrons, with a square base, modified summits, and a 
basal angle of 113° 25' It la also found in granular 
masses with a cryataUine Eliucture, resembling the 
cryolite of Greenland. The hardness is 4, and the ep. 
gr, varies from 2-7 to 3. It fuses more readily than 
cryolite into a limpid globule, which becomes white on 
cooling. It gives the ordinary blowpipe reactions of 
fluorine. It occurs in granite at H.liask, in the Ural 
Mountains, associated with fluorspar, topaz, I'benacile, 
and cryolite, 

Cnvoi.n n. (3 NaF. Al.F^ or F = 54'8 ; Ifa 32'7 

Al = 12'5.) 

A fluoride of sodium and aluminium met with in lamtni 

massc^ whicb cleave in tliree directions, but more readily 
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in one tlian in tlie two others. The general form of the 
crystals and their optical character make it probable 
that they belong to the monoclinic system. It is super- 
ficially of a white colour, occasionally tinged yellowish 
or reddish by the oxide of iron ; but in the deeper parts 
it is almost black. When the black part is exposed to 
a red heat it becomes white, like the superficial cryolite. 
The sp. gr. is 2*9 or 3 (33,434), and the hardness 2-5. 
It melts with great facility, and resembles chiolite in its 
behaviour before the blowpipe. Sulphuric acid decom- 
poses it, with disengagement of hydrofluoric acid ; and 
nitric acid, when heated, dissolves it, forming a solution 
which yields a gelatinous precipitate with ammonia. It 
forms thick layers, bounded by thin seams of mica, in 
gneiss, at Evigtok, in the Arksut Fjord, Greenlcmd, as- 
sociated with hydrated oxide of iron, iron pyrites, coppei 
pyrites, galena, quartz, and felspar ; and in the Ural 
Mountains, associated with chiolite, lithia mica, and 
fluorspar. It is largely used as an aluminium ore, and 
as a source of soda. 

There are several minerals which are either varieties 
of or closely related to cryolite, and found in the same 
localities. Arhutite is a variety containing lime ; pach' 
nolitej thonisenoltU, and gea/rhutite are hydrated lime 
cryolites. 

Melanothallite. 

A chloride of copper discovered by Scacchi in the 
products £rom the eruption of Vesuvius in 1870. 

Nantoquite. (Cu CI.) 

A chloride of copper occurring in masses, with cubic 
cleavage, indicative of its belonging to the isometric 
system of crystallisation. Hardness 2 — 2*5; sp. gr. 
3*95; colourless; lustre adamantine. When fused on 
charcoal it colours the blowpipe flame an intense azure 
blue, and yields a ductile globule of copper. It readily 
dissolves in nitric and hydrochloTio m.^^, ^ysA \xs. ^sssjl- 
moma. la the mine the -workmOTi at^ Toxxj^ia. Ssvr«^* 
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Tenienced by a strong odour of clJorine, whitli Uomejko 
etatos U due to the production of ozoue, which accom- 
panies the oxidation of the miucral. 

Chlokomagnes ite . 
A chloride of magaesium, which appears to have a 
composition corresponding: to Mg CL+6 HiO. ScaccLi 
found it at Vcsu>-ius during the eruption of 1872. A 
mineral which appears to be the same has been found 
by Ochscnius and Pfeiffor at Loopoldshall, in Prussia, 
and named by them Biscliofite. This occurs in crystal- 
line, granular, and foliated masses, having the fibres 
arranged trausversely. Hardness 1 — 2; sp. gr, 1'65; 
coIourleBB ivhen pure ; lustre viti'eous to duU. It is 
soluble in rather more than half its own weight of 
water. It readily takes up water from the air, so that 
when the layer is exposed it rapidly passes into a higher 
state of hydration. The salt has been formed artifi- 
cially, and crystallises in the monoclinic system. It 
forms layers more than an inch thict in roci salt, the 
associated minerals being kieserite and camallite 

ClILOnOCALCITK. 

An impure chloride of calcium, foujid in Guy's Cliff, 
Warwickshire, has been thus named. It is also reported 
from various localities in Peru. 

ClILOR-iLLUMIKI TE. 

The iiamo given by Scacchi to the hydrated chloride 
of aluminium found by him amongst the productions of 
the eruption of Vesuvius in 1872. 

Sell.iiti:. 
This ifl considered to he a fluoride of magnesiiun 
(Mg Fl), analogous to fluorspar. It crystallises in di- 
metric crystals. Hardness 5 ; sp. gi'. 297 ; lustre 
vitreous ; fracture conohoidal ; transparent and colour- 
less. Small &agment3 melt in the flame of a candle 
with intumescence. Water and most acids do not dia- 
£oJre it, hut conceotrated Bul]}Uuiic acid does so, and 
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gives rise to an evolution of hydrofluoric acid. It is 
found \rith anhydrite at Oeibroula, in Piedmont. 

PKOIDONrrB. 

A fluoride of silicon (Si Fi), observed by Scaodhi in 
the exhalations horn Vesuvius during the eruption in 
1872. 

Ealstokitb. 

A hydrated fluoride of aluminium, occurring in iso- 
metric octahedral crystals. Hardness 4*5 ; sp. gr. 2*4. 
When heated in a close tube, it yields water with 
acid reactions, and then a copious white sublimate, 
which etches the tube. With cobalt solution g^ves a 
deep blue. With salt of phosphorus the blowpipe flame 
reduces it to a colourless glass ; when heated with car- 
bonate of soda it decomposes with effervescence. Sul- 
phuric acid decomposes it, and g^ves rise to hydrofluoric 
acid. It is associated with cryolite in Gfreenland. 



CHAPTER VI. 

Oxides. 

Cuprite. (CujO or Cu =.- 88-8 ; = 11-2. Si/n. 
Zigueline ; Ruby Copper.) 

It crystallises in the regular system, the prevailing form 
being the octahedron and the rhombododecabedron. The 
crystals are usually collected in drusy cavities. The 
colour is red, but of a different tint according as the speci- 
mens are looked at or looked through. The powder has 
a brick -red tint. The lastre is adamantine or sub-metallic, 
and on the fresh fracture, which is conchoidal, it is slightly 
vitreous ; the sp. gr. is 5*8 (64,832) to 6-1 (68,186) ; and 
the hardness 3*5 or 4. On being heated before the blow- 
pipe it fuses into a black mass, tinges the flame green, and 
ultimately yields a globule of copper. \VVw^\!^ t^^wr.^^ 
with borax it yieid^ a colourless g\aB&, NqVCvJ^i \>^^q'^^'^ 
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brick-red on cooling ; and when aubjeoted to the outer 
flame it yields an em c mid -green glaea, in consequence of 
the oxidation of the metal. With nitric acid it forma a 
green solution, which ia tnmed blue by the addition of 



It IB generally aasocinted with copper, carhonatea of 
copper (malachite and azuritc), and sulphidee of copper 
(copper glance and copper pyrites), in veins traversing 
grauite, and the older crystalline Bchtsts and sedimentary 
deposits. It ia found at several places in Comwail, at 
Oheaey and elsewhere in France, in Hungaiy, the Ural 
and Altai Mountains, in Sonth Auatrolia, and in various 
parts of North and South America. 

Chaicotrichite, or capillary red oxide of copper, ia a 
variety which occurs in bright red capillary needles belong- 
ing to the trimelric ayatem, and having a rhombohedral 
cleavage. It ia found at Niachne Tagilsk with limonite for a 
gangne ; at Rheinbreifenbach, in crystals resting on quartz ; 
at Moldavia, ia Hnngnry ; and at Huel Gorland and 
Tot Cam, in Cornwall. 

Periclabe. (MgO or Mg = GO ; = 40.) 
Native tDftgnesia is found in amall octahedral crystaia 
with cnblo cleavage in the dolomite of Mont Somma, 
Vesuvius. It ia transparent, and of a greenish tint, 
probably due to the oxide of iron fonnd in it; its sp. gr. 
ia 3'76 (41,816), and its hardness G. It ia infusible by the 
blowpipe, and forms a solution with nitric acid, from which 
a white powder is precipitated by ammonia. It ia some- 
timea aaaociated with white olivine and earthy magneaite. 
It haa been produced artiiieially by igniting magnesia 
and ferric oxide in hydrochloric acid gas. Ordinary 
tuagneaia has a sp. lit. of '243, and a sp, gr. oF 3'07, 
which ia increased to 3-6 when it has been ignited i n « 
pottery furnace. ^^M 

gpARTALiTE. (ZnO or Zn = 80-26; = 19-7^^H 
Sj/n. Red Oxide of Zinc.) ^^M 

The crj'stalline form of this species has not been clearly 
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made out, but the prevalent opinion seems to be in favour 
of its belonging to the hexagonal system. It is of a 
bright orange-red colour, translucent on the edges, and 
breaks with a conchoidal fracture. The sp. gr. is 5*4 
(60,361); sp. ht. *124; the hardness 4 to 4*5; and the 
lustre adamantine. It dissolves in nitric acid with effer- 
vescence, and is fused by the blowpipe into a yellow 
transparent glass when mixed with borax, but is infusible 
alone. All the specimens hitherto analysed have con- 
tained more or less oxide of manganese, from which its 
colour is probably derived. It occurs in small flakes 
amongst crystals of franklinite at Franklin, Sparta, and 
Sterling, in New Jersey Co., United States. 

Melaoonitb. (CugO, or Cu = 80 ; = 20. Sj/n. 
Black Copper ; Tenorite.) 

It is found in cubes at Keweenaw Point, Lake 
Superior, which are supposed by some to be pseudomorpha 
after cuprite ; but this opinion is opposed by Whitney, who 
draws attention to the fact that the associated crystals 
of cuprite are always in octahedrons, never in cubes. It 
has also been found in thin scales in the Vesuvian lavas, 
and in soft, easily pulverieable masses. The crystals have 
a dark steel-grey colour, but the powder is almost black. 
Artificial crystals found in the hearth of a furnace at 
Freiberg were of an iron -black colour, belonged to the 
trimetric system, and had a sp. gr. of 6*46 (72,098). 
The native crystals have a sp. gr. of 6*25 (Whitney) ; 
5'95 (Rammelsberg). 

Lead Ochre. (PbO or Pb = 92-9 ; = 7-1. /Syn. 
Massicot ; Yellow Oxide of Lead ; Native Litharge.) 

This is a yellowish mineral, found in scaly crystalline 
lumps, associated with native lead and galena, in the 
neighbourhood of Zomalohuacan, near the volcano of 
Popocatapetl, and a few other localities in Mexico ; as 
also in Virginia. It is soft, and has a «^, ^'t, q\ '^^^ 
(89,42i); and a sp. ht. of -065. 
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BntciTE. (JIsO. H,0 orMgO=69'5; H,0 = 30-5. 
Syn. Nemalite ; Litncasterite ; Hydrate of Magnesia.) 

It cryatalliBes in rhombohedrol forms, Biioh as hexagonal 
tables with a marked basal cleavage, and fibrous mnsfieB. 
According to Dana the primary form ia a rhombohcdron 
with an angle of 82° IC It ii nsnally white, but Bome- 
timcB has a greenish or greyish tinge. It has a hardness 
of 1-S; n sp. gr. of 2-35 (2G,248) ; n sp. ht. of -313; 
aod a pearly lustre. It is flexible in thin laminte ; is 
infusible by itself; and soluble in acids without efferves- 
cence. This last character distinguiahcB it from lamellar 
transparent gypsnm. It occurs in serpentine, along with 
other magnesian minerals, at Hoboken, New Jersey ; in 
New York State; Texas; Pennsylvania; in the Isle of 
Unst; at Pyschminak, near Beresof, in the Ural 
Mountains; and at Qoujot, in Prance; also in limestone 
near Filipatadt-Werm eland. 

Nemalite is a ferruginous fibrous variety found at 
Hoboken. 

Mesdipite. (Pb,Cl,0, or PbCl, = 38-4 + 2 PbO = Gl-6. 
Si/n. Berzelite; Cerusite.) 

It fcrms trimetric priamatic crystals of a yellowish or 
light rose colour, When pure the crystals are translucent, 
and with a pearly lustre on the cleavage faces. It ia also 
met with in bacillar compact masses. The hardness is 
2-5 or 3 ; and the sp. gr. 7 (78,246) or 7-1. It is readily 
fusible by the blowpipe. It was first found at Churchill, 
in the Mendip Hills, Somersetshire, and has since been 
obtained at Brillon, in Westphalia; and Tarnowitz, in 
SUesia. ^m 

Matlookite. (Pb,Cl,0 or PbCl, + PbO.) ^M 
Found in dimetric tabular crystals in an old mine at 
Cromford, near Matlock, which had a yellowish or greenish 
colour, an adamantine lustre, sometimes inclined to pearly, 
a ap, gr. of 7-2 (80,431), and a hardness of 2-5. It 
decrepitates when heated, melts before the blowpipe 
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Into a greyish -yellow globule, and is soluble in nitric 
acid. 

VOLTZITE. (ZDjSO.) 

An oxysulphide of zinc, found in spheroidal masses, 
with a concentric structure, and a slightly pearly lustre. 
It has a brick-red or brownish colour ; a sp. gr. of 8*6 
(40,140) ; and a hardness of 4*5. It resembles blende in 
its behaviour before the blowpipe. It was difcovered 
near Pontgibaud, in the department of Puy de Ddme, 
France; and is also found at Joachimsthd, associated 
with blende ; in Cornwall ; and at Bern Kastel. Eer- 
Bten has noticed its presence in furnace products. 

Atacamite. (Si/n. Smaragdocalcite ; Remolinite ; 

Chloride of Copper.) 

The analyses differ in the quantity of water it contains, 
but the formula usually assigned to it is CuCl, + 3 Ou 
+ 3 H,0. Some specimens contain 4^ parts, and 
others 6 parts of water. It is a native hydrated oxy- 
chloride of copper, crystallising in prismatic needles or 
rhombic prisms. It is of a beautiful emerald-green or 
bluish-green colomr, and forms a green sand in the desert 
of Atacama, Bolivia. It has also been found in some of 
the Peruvian and Chilian silver mines ; in the mines of 
Schwarzenbcrg, Saxony ; and at Serra da Bembe, near 
Ambriz, on the west coast of Africa. It is said to have 
been found in the lavas of Vesuvius, but this supposed 
atacamite is sulphate of copper, according to Scacchi. It 
is sometimes formed by the action of air and sea-water 
on copper and bronze ; and is occasionally met with in 
the rust on old coins and statues. The Indians of Peru 
form a powder from atacamite for drying moist writing, 
and sell it under the name of areniUa, 

Magnetite. (FcjG^ or FeO. FejOg. Syn. Oxydulous 
Iron ; Octahedral Iron ; Magnetic Iron Ore.) 

It crystallises in the regular system, the ^te^«SJe«i% 
forms being the octahedron, the dodec^^dLioxL^ «.xA \si^^« 
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fiealions of tliem. (Pigs. 6, 9, 10, PI. I.) The ckftvage 
IB DctabedToI, and the faces of the rhombohcdron arc 
frequently Btrinted ia the direction of the longer diagonal. 
The ore is of a brilliant iron black, but tbe powder is jet 
hiack. Its density k iS (63,654) to 5 (55,890) ; ita sp. 
ht. '16G; and its hardness is 5'5 to G'fi. It is strongly 
attracted hy the magnet, and aome of the compdct 
epecimena ore tliemaelvea liighly magnetic. These latter 
form the natural lodcatonce. It ia with difficulty fased 
by the blowpipe, and is soluble in hot hydrochloric acid, 
but not in nitric acid. Tliis mineral is a combination of 
the protoxide and sesquioxide of iron ; the former is 
frequently replaced to a certain extent by the ieomorpbonB 
protoxides of magnesium and manganeee ; while the 
latter may be partially replaced by titanic acid, forming 
the titaniferous iron ere. 

Magnetite is very abundant, but Norway, Sweden, 
Lapland, nnd Siberia contain the most important deposita. 
It ie also met with in France, Italy, Erazil, and North 
Scotland. In England it occurs at Rosedalo in York- 
aliire, and in the western counties. Its usual geologica! 
position is in the moat highly mctamorphic rocks, in 
which it probably represents the excess of iron oxide 
originally in the rock, which was not taken up by silica. 
It ia Bometimea in layers, hut in Norway, Sweden, North 
America, and elaewhere, it forms whole mountains. 
Among other rocks in which it occurs, the following 
ore the most important ; viz., crystollino limestone ; 
chloritic, taloose, hornblendic, pyrosenic and liyperstheiiio 
schists; serpentine, diorite, and basalt. Specular iron is 
frequently associated with it. 

Spinel, f AljO,. SlgO or Al.MgO^. Syii. Spinel 

Uuby ; Balas Kuby.) 
An aluminate of magnesia, crystallising in the regular 
system, the predominating form being the octahedron ; it 
has also heon found in rhombodo decahedrons, but not in 
cubes. Its harduess is 8, so that it ranks amongst the 
hardest mioernla, and indeed few others, such aa the 
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diamond, corandum, and the sapphire, will scratch it ; the 
sp. gr. ranges from 3*5 (39,023) to 3*8 (4.2,876) ; the sp. 
ht. is '194 ; and the lastre is lively and vitreous. The 
parest specimens are colourless, but spinel is usually 
coloured various shades of red, blue, green, or black by 
the presence of chromic acid and other substances. It is 
infusible before the blowpipe, but when highly heated the 
colour changes ; and it is not affected by acids. Both 
the alumina and magnesia are replaced to a greater or 
less extent by their isomorphs, which are chromic and 
ferric acids in the case of the alumina, and the protoxides 
of iron, manganese, and zinc in the Case of magnesia. By 
such replacements we obtain a number of varieties. 
Thus, there is the red or rosy variety, which jewellers call 
spinel when the colour approaches to scarlet ; balas ruby 
when the tint is somewhat lighter ; and rubiceUe when 
there is a slight dash of orange. These probably owe 
their colour to the chromic acid which they contain. 
They occur in association with the oriental ruby and 
sapphire in the crystalline rocks, such as granite, gneiss, 
mica schist, granular marbles, and saccharoidal dolomite ; 
they also occur in sands derived from the destruction of 
these rocks, as, for instance, near Candy, in Ceylon, from 
whence the finest specimens are procured. There are 
other localities in Birmah, Pegu, and North America. 
Small crystals have been obtained from the tin streams of 
Bretague. The halas rubies are rose-red spinels, from 
Badakhshan or Balakshan, in Central Asia, where it 
occurs in nodules in a magnesian limestone. The mines 
are not worked now, in consequence of the small profits 
which were obtained. 

The pale bluish and greyish varieties contain from 3 
to 4 per cent, of protoxide of iron, and occur in similar 
crystalline rocks to those just mentioned. In green spinel, 
or chlorospinel, the alumina has been partially replaced 
by ferric acid, which has united with the magnesia to 
form magno-ferrite (or ferrate of magnesia). It is found 
in talcose schists at Slatoust, Siberia ; in granular limA- 
stone at Ersby, Finland; and at a ^^nn \Q<i^>Si&^ Kx!^ 
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the United Slntes, Si/shiite ia a pale yellowiali impnre 
variety from limeBtone, New Jersey, which has a hardneea 
of 4'5 only, aud a sp, gr. of 4'5. PkonaiU, Cei/loriile, 
aud CandUe are names giveu to the blact spinel, con- 
taiiiiog a large proportion of iron oxides ; it is found in 
Bmnll black brilliant octahedral cryBtnls in some of the 
blocka ejected from Vesuvius. 

Spinel Las been crystallised artificially by Ebelmen. 

Automolite, or Aufmnalite (gahnite), ia n zinc spinel in 
which zinc oxide predominates over the magnesia. Ita 
sp. gr. varies from 4-1 (45,829) to 4-6 (51,418) ; iU hard- 
ness ia 8 ; ita lustre vitreous ; and its colour dark green. It 
has been found in taleoae schist in Sweden; in New 
Jersey; in Pisgah mine, at Tennessee; and in Cnr.ton 
mine, Bavaunah. 

CaKOUiTK. {Syn. Clirome Iron Ore ; Chromic Iron ; 
Chromate of Iron.) 

TJie analyses of this mineral nlways indicate that ths 
specimens resemble spinel in their chemical constitution, 
and that they are made up of variable proportions of cer- 
tain iaomorpliouB substances. If pure, it would probably 
be represented by the formula, FeOOfjO, or PeOr^Oj; 
but the protoxide of iron is nearly always more or less 
replaced by its iaomorphs, the protoxides of chromium, 
nickel, and magnesia; while the sesquioxide of chro- 
mium is more or less replaced by aesquioxide of iron 
and alumina. In any case it may be represented by the 
general formula for the spinel group; viz., DO.K^Oj. 

It oryatalliaes in the cubic syatem, the prevailing form 
being the regular octahedron, with octahedral cleavage. 
In colour it ia iron or brownish black ; the powder is 
brown ; the fracture uneven and imperfectly conchoidal ; 
the lustre sub-iuetallio, and more or less waxy ; the sji, 
ht. -169; the sp. gr. 43 (48,055) to 4'5 (60,301) ; and 
the hardness £'fi. Occasionally it is slightly magnetic, 
and when heated with the blowpipe-flame becomes more 
strongly ao. 

It is infusible by itaclf, but is fused with ditnculiy with 
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borax or phosphorus salfc, yielding an emerald-green glass* 
It occurs in serpentines, or in sands derived from serpen- 
dnesy generally in grains or nodular lumps. It is much 
sought after as a source of chromic acid, which is used in 
the manufacture of chrome yellow or chromate of lead. 
The principal localities from whence it is obtained are in 
the Shetland Islands, Norway, and Maryland, United 
States; but it is also met with in France, Tuscany, 
Silesia, Siberia, Styria, Syria, Pennsylvania, and San 
Domingo. 



Franklinite. (3 Zn : FeO. Mn, : FejO,.) 

This is generally considered to belong to the spinel 
group of minerals; but Eammelsberg and others con- 
sider the above formula as erroneous. The mineral is a 
combination of the sesquioxides of iron and manganese 
with the protoxides of zinc and iron, and crystallises in 
the regular system, the prevailing form being the octa- 
hedron, with indistinct octahedral cleavage ; but it also 
occurs in several other compound forms of this system. 
In the mass it has an iron -black colour ; but in powder it 
has a dark brownish-red tint. It is brittle, breaks with a 
conchoidal fracture, has a hardness varying from 5*5 to 
6*5, and possesses a sp. gr. of 5*1 (57,007). It is feebly 
attracted by the magnet. It is not fusible by the'blow- 
pipe ; but when heated in the reduction flame with soda 
it yields oxide of zinc, and when heated with borax it 
gives the reaction of manganese. 

Franklinite belongs essentially to the metamorphic 
rocks. Thus at Franklin, New Jersey, it occurs in 
granular limestone, associated with red oxide of zinc, 
automolite, and willemite ; and at Stirling, in the same 
State, it is associated with red oxide of zinc in a crystal- 
line Silurian limestone : at both these localities it forms 
fine crystals. It is said to be met with in amorphous 
masses in the zinc mine near Aix-la-Ohapelle. 

Pitchblende. (Si/n. Oxydulated Uranium.) 
It is a mineral composed of a mlxtaiQ oii ti^^ y^q\.^^v^^ 
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and Besquioxiile of uranium (UO. U,Oj), but as it ie 
seldom found ia a pure Htate, its properties vary con- 
aiderably. It occurs ia aoini-cryatflUine luaBses of a 
browniflli -black colour, with a Bemi-metallic lustre, n 
hardneBs of 6C, and a Bp. gr. of iS (53,ti54) to 6-5 
(72,6G7). It ia infuBible before the blowpipe, colours the 
flame green, and when hcotcd in the outer flame along 
with boras, yields a yellow glasfl. It baa been found in 
argentiferous veins in Saxony and Bohemia, in the tin 
mines of Cornwall, and at Stromaheien, Norway, Elta- 
site is called pitchblende ; it is probably a bydrated aranic 
oxide (UjOj. HjO), mixed with alumina, lime, magneaia, 
silica, phosphoric acid, carbonic acid, and arsenic, 

Hacsuannjtk. (MaO. Mn^O,, Si/n. Red Oxide of 
Manganese ; Black Manganeae Ore.) 
This is a compound of manganona and manganic oxides, 
analogous to magnetite, which is a compound of ferrous 
and ferric oxides. The crystals are acute quadratic 
pyramids, in which the lateral edges form an angle of 
117'^ 64', and have a nearly perfect baaal cleavage ; they 
frequently form twins and groupa of four. It baa a 
brown! ah -black colour in the raaaa, and a cheatnut-brown 
one in powder. It ia opaque, breaks with an uneven 
fracture, and has a sub-metallic luatre. Its ap. gr. is 
4-6 (53,654), and its hardness is S'5 The heat of the 
blowpipe neither melta nor alters it. It may be produced 
artifieially by iutonacly heating any of the other oxidea 
of manganese in the preaenco of air, and also by exposing 
metallic manganeae to moiat air at ordinary temperatures, 
but more rapidly at higher temperatures. It ocoura in 
cryatala and compact masses, associated with braunite and 
other manganese ores, in the porphyry near Ilmenau in 
Thariogia, and near Ihlefield in the Hare. 

CHBraoBKKYii. (GIO, AI,Oj. Sj/n. Cymophane 

Oriental Cliryaolite ; Alexandrite,) 

It is a compound of alumina and glociua, and crysl 

liaea ia ngbt rhombic prisma belonging to the triraetrio 
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Bystem. Its colour is blaisb or yellowish green by rc« 
fleeted, and sometimes reddish by transmitted, light. Its 
lustre is vitreous ; sp. gr. 3'5 (39,023) to 3*8 (42,876) ; 
and hardness 8*5. This last-mentioned property distin- 
guishes it from topaz ; while its crystalline form distin- 
guishes it from enclase and the beryl. It has a conchoidal 
uneven fracture, exhibits double refraction, is rendered elec- 
tric by heat, is infusible alone before the blowpipe, and is in- 
soluble in acids. It occurs in scattered crystals and grains 
in granites, gneiss, and mica schist, and in sands derived 
from their destruction. In the sands of Oeylon and Borneo 
it is associated with spinel and tourmaline ; and in those of 
Brazil with topaz and the diamond. It is associated with 
fibrolite and garnet in the gneiss of Moravia ; with beryl, 
tourmaline, and garnet in the pegmatite at Saratoga, New 
York ; with beryl and phenacite in the emerald mines of 
Takowaja, Siberia ; and it was formerly found with beryl, 
tourmaline, and garnet in granite at Haddam, Connec- 
ticut. The specimens from Siberia are of an emerald- 
green colour, and form the variety named Alexandrite, 
This colour is attributed to the presence of chromic acid ; 
this variety is, however, further remarkable for exhibiting 
trichroism. Thus it is emerald-green by reflected light, 
columbine red when viewed by transmitted light in the 
direction of the short diagonal, and orange yellow by 
transmitted light in the direction of the long diagonal. 

Minium. (PbO.PbjO. or Pb^O^. Si/n. Red Lead ; Red 

Oxide of Lead.) 

It occurs as a red powder encrusting various lead ores, 
especially galena, and is probably the result of their 
oxidation. It has been found at Grassington Moor and 
Weardale, in Yorkshire ; in the Isle of Anglesey ; at 
Brillon, in Westphalia ; at Badenweiler, in Baden ; at 
Bleialf and Kail, in the Eifel ; and in Virginia. It has 
been formed artificially by exposing the protoxide of lead, 
heated to redness, to air. Its specific gravity is 8*6 
(96,130). According to Dana, Bristow, and ol.Vv^t^^,\!aA 
specific gravity of the native minium \a 4-^ 0Ti\s% 

i2 
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Ceaunite. {Unfii or Mu = 70 ; = 30 ) 
This IB the nBtive manganic oxide, which aaaally occtira 
in minnte cryetalg aggregated together ia druses. The 
crystals are obtuse quadratic pyramida, closely reacmbling 
the regular octahedron, in wliicli the angle of the ter- 
minal edgea ia 109° 53', and of the lateral edges 108° S*, 
or modifications of them. In the pure varieties there ia a 
distinct cleavage parallel to the faces of the pyramid ; but 
in marceline, which is a variety containing ailioa, there 
are no signa of this cleavage. The crystals and powder 
of braanite have a dark brownish -black powder ; the 
luelre is sub-metallic ; the specific gravity i75 (53,095) 
in marceline, but 4'82 (53,897) in purer specimens ; and 
the hardness 6-G. It ia infusible before the blowpipe, hut 
if the heat ia intense, a portion of the oxygen is driven off, 
and the man g an o so -manganic oxide is formed. It exists 
in small veins in porphyritic rocks at Vizianagram, 
India ; Elba, Eglersberg and Oehrenstock, near Ilmenau. 
in Thuringia ; Ihlefield, in the Harz ; and at Vermont, 
U.S. Marceline occurs at St. Marcel, in Piedmont, asso- 
ciated with hyaline quartz, violet epidote and tremolite, 
and greenowite. 

OoKUNnuM. (Al.Oj, or Al = 53-27; = 4?-73.) 
This mineral consists simply of alnmiua, which in its 
crystalline state is remarkable for hardness and durability. 
It is generally mixed with minute qnantitiea of other 
oxides, which impart to it certain colours. Its crystals 
belong to the hexagonal system, and nre nearly isomor- 
phoiis with those of ferric, chromic, and titanic oxides. 
They are derivable from an acute rhombohedron, with 
the angle of the lateral edgea equal to 8G° 6', with dis- 
tinct cleavage parallel to the faces of this rhombohedron. 
The prevalent forms of crystal are the hexagonal prisma 
and double pyramids with hexagonal bases. It also 
occnrs in massive lumps and in a fine powder. When 
pnre it ia colourless and transparent, and has a vitreous 
lustre ; but in the varieties it is white, grey, blue, red, 
vJeJet, yellow, and brown, and in some oases tije lustre ia 
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Bomenhat pearly. The specific gravity is 3'9 to i, and tbe 
hardneas ia 9, which is greater than that of all other anb- 
Btsttcea, with the exception of the diamoitd. The fracture 
is conchoidal or aplintery. It iannalterable, and intouble 
by the ordinary blowpipe, but it may be faaed with the 
aid of the oxyhydrogen flame ; no acid at ordinary tern- 
peratnrea will diaaolve it in the crystalline state, but the 
powder is soluble in strong hydrochloric and snlphDrio 
adds. It ii, however, readily fuaed when mixed with 
snlphate of potash, and may be disaolved in liqnid boraoic 
acid at high temperatures. Artificial crystaU have been 
ohtunsd in variooa waya, each as precipitating it from 
its Solution in boracio acid, and fusing it with alnm, and 
driving off the alum. By the addition of a litUe 
chromate of potassium, crystals having the form and colour 
of the ruby have been obtuned. 

The varieties which are most translucent, and possess a 
decidedly vitreous lustre, are ranked as precious stones. 
The moat distinguished are the lapphire, which is blue ; 
the nAg, which ia red ; the topaz, which is yellow ; the 
ametht/H, which is violet. They are sometimes distin- 
guished from other minerals bearing similar names by the 
prefix oriental. Some of these varieties present variations 
in their behaviour towards light. Thus, some are 
dichroic ; others show milky-white reflections ; and others 
exhibit an opalescent six-rayed star, with the 
~ rays at right angles to the vertical axis, 
whence they are termed atUriaa, 

The varieties which present little or no 
translncency, break with a splintery fracture, 
eauly divide into rhomboidal fragments, pos- 
sess colours more or less tarnished, and are 
the most easily cleavable, are designated 
as mrtnufum, common coruBdwn, and ada- 
mantine eorundum fFtg, 34). Those which 
■re opaque, earthy ia aspect, dark grey in ^' **■ 
colour, are called compaet wnmdvm. The variety 
which possesses a finely granular texture, hrawaii^ 
coloir, uid contains ferric oxide, is eiii«T^, v» ^<^Vt^^'«'& 
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for its nso in polialiing flue atones, glass, and Tnetsls. 
According to Dr. Jackson, ferrous o^dde is an cseential 
conatitoent in the emery of Nokob and of South Monn- 
tain, in Chester, Masaachuaetts. His aualysea indicate 
the composition to he FeO. AljO^. 

Corundum is found in the moat highly crystalline rocka, 
such as granites, syenites, gneiaa, mica schiat. and granular 
limestone. The transparent varieties occur in granitic 
rooks in Iniiia, China, Thibet, the Urol Mountains, in 
CeDtr&l France, and in the United States. They arc 
generally diaBeminated through the rocks, and are usually 
obtained from the sands derived from them. Compact 
corundum is met wiih in fclspathic rocks at Mozzo, 
Piedmont ; Miask, Siberia ; Geilivarn, Sweden ; and 
other localities. Cleor blue and rose cryatala exist in 
saccharoidnl dolomite at St. Oothard. Emery is aeso- 
ciated with similar rocks, occurring in mica Bcbiat in 
Sa.xony ; in granular limeatonee and dolomitea Jn Naxos, 
and other Grecian isles ; and in granite at Gumuch- 
Uagh, near Ephcsus, 

By the absorption of water corundum somotimefl paaaes 
into diasporc. 

II-EMATiTE. (Fe,0, or Fa = G0'3i ; == 30-66. Sgn. 
Specular Iron ; Red Haimntite ; Bed Ironstone ; Iron 
Glance ; Martito ; Fer Oligiste.) 

With the same chemical constitution as corundum, 
hiematite closely reacmbles that mineral in its crystalline 
form. The crystals are derivable from a rhorabohedron, 
with the angle of the lateral edges equal to SC°, and with 
indistinct cleavage parallel to the faces of the rhombo- 
hedron. The prevailing forms are rhombohedrons, donhle 
pyramids with six faces, and hexagonal prisma. Some of 
the latter are thin tables with oblique edgea. The colour 
of ihe cryatala ia dark ateel-grey, or, when slightly decom- 
posed, iridescent ; but that of the powder and the lithoid 
varieties is a dark red or blood-red, whence is derived 
the name hfematite. The lustre of the crystals is splendent 
metallic but the compact and earthy varieties have httic 
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or no lustre. The Bpecific gravity also varies consider* 
ably, ranging from 42 (46,947) to 53 (69,233) ; the 
specific heat averages *1 57 ; and the hardness ranges from 
6'6 to 6*5. It is sometimes slightly magnetic, probably 
in consequence of containing ferrous oxide. It is not 
fusible, but when strongly heated a portion of the oxygen 
is given off, leaving a residue, consisting mainly of 
ferroso-ferric oxide, which is the magnetic oxide. When 
exposed along with combustible bodies, it readily gives up 
its oxygen, both at high and nt ordinary temperatures ; 
hence, when loft in contact with organic matter, it be- 
comes converted into the magnetic oxide, or even to 
ferrous oxide, which, taking up carbonic acid, may 
become spathic iron. If the ferrous oxide is moist, it is 
readily oxidised by the atmosphere, and yields limonite, 
or the hydrated ferric oxide. Haematite is solnble in the 
acids, but most readily in strong boiling hydrochloric acid. 

There are a great many varieties of haematite ; the 
more important are specular iron or iron glance, a name 
by which the more crystalline states are designated. 

Eed hoBmatite is opaque, blood-red, and without any 
metallic lustre. It usually occurs in nodules, having a 
fine radiated structure. Red ironstone is earthy, compact, 
and nearly pure. Red ochre and red chalk are less com- 
pact» and contain more or less clay. Some da^ ironsUmes 
contain a considerable proportion of haematite. Iron mica, 
or micaceous iron, is a variety occurring in large schistose 
masses composed of thin scales, which sometimes present 
undulations like those of mica schist. It is characteristic 
of the rock known as itabirite. Haematite frequently 
occurs in other than rhombohedral forms, such as the 
cube, the regular octahedron, and the rhombic prism ; but 
they arise from the decomposition of minerals crystallising 
in ihese forms into haematite. The octahedral variety is 
termed martite, but, according to some mineralogists, this 
is a second crystalline form of haematite, and, consequently, 
a distinct species ; and, according to others, it is a psendo- 
morph after magnetite. 

Haematite is one of the commoueftl axidL xxio^V. ^^A^^'i 
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diatribntcd of minoralg ; but the red lithoid varieties 
far more nbnndant than the grey cryalalline vnrietiea ; 
schrooua iron occurs in nearly all tlie reddiah mineral 
miUBCs, euch as red marla, sands, eandstonca, and clays ; 
the red bmniktite, especially the fibrous varieties, abonnd 
more r*''''cularly in the stratified deposits; while the 
crystalline varieties are usually met with in the crystalline 
rocks. It sometimes constitutes vast masses, the principal 
of which ore tliose at Langbanshytfn, in Sweden; 
Krageroe, in Norway ; Gsllivara, in Lapland ; in the 
Isle of Elba ; Picton Nob, in North America ; and in 
BrnziJ. The iron mine of Elba is celebrated for the 
length of lime which it has been worked. Virgi! and 
Slrabo allude to it as having been long known in their 
day ; and although it lias been worked for twenty cen- 
turies, it still yields abnndnnce of metal. Hasmntitc exists 
in so many countries, and in bo many rocks, that we can- 
not attempt to give any account of its lithological and 
geographical distribution. 

Ilmbnite. Sj/ii. Crichtonite ; Mcnaccauite ; Titani- 

ferouB Iron ; Washingtonit^ ; Hystatite ; Mohsite ; 

Iserine and Nigrine in part.) 

This IB probably a mixture of ferric, ferrous, and 
titanic oxides. Its crystals are probably derived from a 
rhombohedron with a lateral anglo of 86° 6', and, if 
BO, are isomorphous with those of h»motite and comn- 
dum. The prevailing forma are very acute rhombohe- 
drons ; tabular plates like those of haematite ; and short 
thick crystals like those of hsematito at Elba. The colour 
ia iron or bluish black, and the powder is blackish, wiih 
an occasional tinge of brownish-red. The Instre is sub> 
metallic, the hardness B to 6, the sp, ht. '177, and the sp. 
gr. 4-6 (51,418) to 5'2 (58,126). It is infusible before 
the blowpipe, and dissolves in hydrochloric acid with 
precipitation of titanic acid {TiOJ. 

It ia common in the sands of many streams, forming 
the titaniferoHs iron sand; and is also met with in 
nodules, and lumps, and crystals in the granitic rocks of 
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tbo AlpBy associated with hyaline qnartz, axinite, anataBe, 
and chlorite ; in miascite, a granite rock at Miask, Siberia, 
associated with mica, felspar, pyrochlore, elseolite ; in the 
zircon syenite of Norway, associated with albite, garnet, 
magnetite, &c, ; and nnder similar circumstances in 
numerous other localities. 

Credneritb. (3 CuO,. 2 Mn,Oa or OuO = 42-85 ; 
Mn,Oj = 57*15. Si/n, Copper or Cupriferous Man- 
ganese.) 

It occurs in masses, having a crystallo-laminar struc- 
ture, and cleaving in two directions parallel to the sides 
of a monoclinic prism, the more distinct of the two being 
parallel to the base. It has an iron -black or steel-grey 
colour; an uneven fracture; a metallic lustre, which is 
most marked on the basal cleavage face; a sp. gr. of 
4-9 (54,772) to 5-1 (57,007), and a hardness of 4-0 to 4-5. 
It is slightly fusible in thin lamin» ; forms a dark violet 
glass with borax ; and a blue one, when cold, with phos- 
phorus salt. It dissolves in hydrochloric acid with evo- 
lution of chlorine, yielding a green solution. It is found 
at Friedrichsrode, in the Thuringerwald, associated with 
various manganese minerals, such as hausmannito and 
psilomelane ; and also with various copper minerals, such 
as malachite and volborthite. 

DiASPORE. (AljO, . H„0 or AljO, = 85 ; 11,0 = 15. 
Si/n. Laminated Hydrargillite ; Stephanite.) 

This is a native monohydrate of alumina, which crys- 
tallises in right rhombic prisms, whose vertical faces are 
inclined to each other at an angle of about 130^. The 
cleavage is most distinct, parallel to the short diagonal of the 
base. The crystals are usually flat acicular prisms, some- 
what similar to those of kyanite and zoisite. The colour is 
yellowish -brown in some specimens, and a greenish-white 
in others; the lustre is pearly or vitreous; the sp. gr. 
variea from 3-3 (36,777) to 3-6 (40,140), and the hard- 
ness from 6*5 to 7. It is infusible by the blQ^^V^'^Si^Xss^ 
when heated it decrepitates and t\ito>N% cjS. ^\i\\.«^^^ 

I 3 
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BpliDl«n. If ignited when moistened with a solution of 
cobalt, it tarns hlne. 

It is fonnd in a felapathic rock at Broddbo, in Sweden : 
in chloritic achist containing emery at Gornoschil anij 
EasMibrod, in the Ural Monntains, associated with Itmo- 
nitp; in dolomites containing comndnm at Cnmpo Longo, 
St. Golhard ; in aanda in firazil contaiaing cortindum. 
According to some authorities the diaspore is derived 
from the emery and corundum by their combirintion ivith 
water ; bat according to others, the latter minerale are 
derived from the diasporc by the loss of water. Some of 
the white diaspora cryetBls from an argillaceous deposit 
at SchemnitB, Hungary, are remarkable for exhibiting 
triehroisni — that is, for exhibiting three different colours 
when looked through in three different directions; thus 
they are reddiali-blue in one direction, violet-blue in 
another, and green in a third. ^^ 

Htdraroillitb. (Al.O, . 3 H,0 or AI.O, = G5-|fl 
H,0 = 34'6. iSyw. Gibheile; FeUobanyite.) ^H 
This is the trihydrate of alumina, which occurs in heW^' 
gonal priema with distioct basal cleavage near SlatoDst, in 
the Ural Moantains ; bnt it is generally found in stalactitic, 
spherical, or hemispherical masses, having aradiated fibrous 
strncture, Homewhnt resembling that of waveilite. It has 
a reddish-white colour, a considerable degree of trnns' 
lucency, a hardness of from 8 to 3-75, and a sp. gr. of 
2-3 (25,G99) or 2-i (26,827). It is infusible by the blow- 
pipe; but when heated it becomes white, decrepitates, 
and exfoliates. It is slightly soluble io hot, strong hydro- 
chloric and sulphuric acids, and gives off tlie argillaceoua 
odour when breathed upon. At the locality near Slatouet 
it is associated with magnetite and uhlorospincl, It is also 
found at Gumuch-Dagh, Asia Minor ; at Richmond, in 
Massachusetts, and one or two other North American 
localities. 
GiiTHiTE. (Fe.Os . H,0 or Fe.O, = 90 ; H,0 = 10. 

Sffii. Needle-iron Ore; Onegite; Ferric Monohydrate.) 
Of all the native ferric hydrates tins is the only one that 
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occurs cryBtallised. Its crystals belong to the trimetric 
system, and the prevailing form is a right rhombic prism of 
94^ 52^y while a modification of this is a prism whose vertical 
faces are inclined at an angle of 130° 57^ This latter is 
isomorphons with the crystals of diospore, the monohydrate 
of alumina. There is a distinct cleavage parallel to the 
short diagonal of the base. The faces of the prism are 
longitadinally striated, and the crystals are frequently 
flattened in the direction of the short diagonal. The colour 
is yellowish, reddish, or blackish brown ; or hyacinth-red 
in thin specimens and by transmitted light. The powder 
is brownish-yellow. The lustre approaches to adaman- 
tine. The sp. gr. is 4 (44,712) to 4*4 (49,183), and the 
hardness 5 to 6'5, 

When calcined it turns red ; when exposed to the blow- 
pipe flame it melts, unless the reduction flame is employed, 
in which case it blackens, and becomes magnetite. It 
gives up part of its water below 212% and all at a red 
heat. It is readily deoxidised by oxidisable bodies, such 
as putrefying organic matter ; but it is oxidised in air. 
Hence, when mixed with such matter, with exclusion of 
air, it forms ferroso-ferric compounds ; but when exposed 
to air, it is oxidised by it, and deoxidised by the organic 
matter, thus acting as a carrier of oxygen from the 
air to the organic matter. There are several varieties. 
Gothite proper occurs at Lake Onega, Siberia ; at Clifton, 
near Bristol ; Lostwithiel and Botallack, Cornwall ; ru- 
hinglimmer occurs with brown haematite at Eisenfield, 
Nassau, and elsewhere ; lepidocrocite in fibrous lumps at 
Sayn and Siegen, Ehenish Prussia ; and stilpnOiiderUe in 
brownish -black masses in ferriferous veins in the Black 
Forest. It is a frequent pseudomorph after iron pyrites, 
and is constantly associated with limonite. 

Manganite. (MUgOs . HgO or Mn^Oa = 89-9; HjO ^ 
lO'l. Syn. Grey Manganese Ore 5 Hydrated Man- 
ganic Oxide.) 

It belongs to the trimetric system of crystalUasiWcv^^sA 
occurs in right rhombic prisms, eilhei «k\m^^ o\Taa^^^^% 
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Tbese nre fiTi|Qently long needles with longltaflinally 
utriateil faces, and with the cleavage in the direclioD 
parallel to the long diagonal more perfect than the ckav- 
hge parallel to the short diagonal. It has & dark eteel- 
grey or iron-black colour, a reddish-brown powder, n 
Bub -metallic luatre, an uneven fracture, a Bp. ht. of "17fi, 
a Bp. gr. of 4-2 (4fi,947) to4'4 {43,183), and a hardneaa of 4. 
It is soluble in cold hydrochloric acid. In addition to the 
crystallised form there are numerous massive varieties, 
Buch aa those having a mammillated, dendritic, stalactitic, 
oolitic, or scaly atructiire. Wad is an amorphous form 
of mnnganite; but this narae is also applied to other 
amorphous oxides of manganeae. Manganite is one of 
the most abundant of the manganese ores, and often nc- 
(iom^amea pi/rohnte. It forms considerable beds in the 
older crystalline rocka, and is frequently associated with 
htematite or with carbonate of iron. It has been found 
in varions parts of France ; in porphyry at Ililefield, in 
the Hara; in Devonahiro and Aberdeenahire; in Sweden, 
Norway, and Thuringia. 

LiMONiTE. (3Fe,Oj.3H,0 or Fe.O, =8S-3: H,0 = 
14-5. Sj/n, Brown Hiematite ; Morasa Ore; Yellow 
Ochre.) 

Its crystalline form is unknown, as it has only been 
found in earthy and friable masses, which sometimes have 
9 fibrous structure. It reaembles gathito in many of its 
properties, but may be distinguished from it by its lighter 
yellow colour and the larger proporfion of water con- 
tained in it. It embraces a great many varieties, and is 
the nsual iron ore met with in the sedimentary strata. It 
tirat begins io be abundant in the oolitic ayatem, and may 
be found in almost every bed of the subseijuent forma- 
tions. It is formed by the action of alkaline carbonates 
on ferric salts, and of air on ferrous oxide and ferrous 
salts. 

Brown httniatUe resembles red hematite in its fibrous 
atraoture, but differs in having a silky lustre and a brown- 
colonned powder. Brown trotutone ia a compact variety. 
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Bog are, or limo&ite prcfio, if mouijA esnich- onfsed to 
the more recent stnti^ bl^ m Uk»* l^birr^; to the 
tertiary and port-tertiajT iwru^^ii^ It zszm^ cccan is 
low swanapy grovnde, bogcx Lcwiv?. a=ri ike ffhaSo v pans 
of lakes. It ia formed vzider scsaeviat fHn^ar cfirom* 
stances as gOthite. It u £c< alcxcar: :r Gt^mi Briaia. 
except perhaps in the peat bees c^ Ir£]a=rd aad Sccdazid, 
bat exists in large qnactitiei ir z.iz.t pans cf the Esropean 
and American oontinenti. Pfs frrii <»<f. rr mA'riir limcmitey 
occurs in connection irith Za-ati^-sf raTirz an oclitic 
stmctore. The cokrar is m.'fnZT in-an. let ii some- 
times bine, as at HaranzesL if^te Tii'.i'rZi. izd a:^:^ dmee 
greenish, as in the twILsj vL Cixcjiim:^, Kar Aidos, la 
the Valais. The pimjiiiic \rr:m ^jn it jk Ez:r.:te fn sm&Il 
globular masses compnaKid v.iv^tT. Larre beds of it 
occur in the Jura Mocrtifzx iri :: is excsedEEclT abun- 
dant in many of the de|»r:a:er ti ^ C'*-tni France. Some 
of these varieties^ bet ccp<»IIj tLe last m«:.tioned, are 
much used as a so-rK cf :r:T. zz, G*m'.v and France. 
Tellow ochre is a neanj yirt lisLizlz*, az.d mtirr is a 
limonite ccmtainisg a large pTcpr.nfc^TL cf caczaikite. 

PsiLOMELAKE. (.>ya. hirj£:*7izi Oidii cf 3Iasga2e2^.,i 

This is an amorpho-ss hydrat^d inar.?aii«Be ore, pro- 
bably a mixture of braMoiifA ar.d grf^r^ife. It contains 
from 1 to 17 per cent of bar^-ta, has an :ron-bIack colour, 
a brownish-Uack tiiijAz.7 str^aj:. a sub-metaiiic histre, a 
sp. gr. of from 3*7 f41,2->r; to 4*3 i4S,C"oos and a hard* 
ness of from 5 to 6. It Is coz^mcu in ranous p^ns of Frano^. 
Germany, England, ar.! ot'i*r countries, Some of the 
yarieties of psUomelaL* are occar'osally caiwd mwi^ a name 
appHed to sereral Lrdrat/^d ozf'les of manganew mixed 
with silica, al^imfia/liwie, barjta, and other snletanow. 
Earthjf cobaU, or orJ^aUt orhre, may b? regarded as a 
cobaltiferous wad. It Le jreserallv met w:± in asKKiativ>n 
with cobalt and man;^ar.ese ores. Cvpreoms moM ^m MM 
iSiijpehbomiU are rradi which coLt^ a lar« tt^Y"^*^ 
of oxide of copper 
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(SnO. orSn = 78-62; 
Sjii. Tinfitone.) 



i-sfl^H 



It cryatallises in forros which are modifi cat ions of n 
right rhombic priBm, similar to that shown in Pig. 20, 
PI. I. They are generally short priema, with four or 
eight-aided pyramidal fiummitB,or in still more complicated 
com bi nation I, sutih as the twin-crystal represented in 
Fig. 35. It IB tranaparent, rarely colonrlesa, 
hut uanally a reddiah-hrown or hrownish- 
blnck ; sometimes, however, it is a clear grey 
a hyacinth-red. It has an adamantine 
lustre on most of Ihe faces, while that which 
Fic. 5B. ehowa a conchoidal fracture has a vitreoua 
lustre. The ap. gr. is G-8 (76,010); the ap. lit., "0894; 
and the hardness 7, or sufficient to ecralch glaea. It is 
infusible in lumps before the blowpipe, but tiiin ffahea 
may be melted ; and it is slightly soluble in hydrochloric 

Casaiterite occurs as ttream tin and wood tin, which 
represent its non -crystalline states. The former em- 
braces the rolli^d, finely granular masses found in eands 
and sedimentary deposits ; and the latter each aa have 
a compact fibrous structure combined with a distribution 
of the colour in bands of light brown and dark yellowish 
tints. These appear to have been derived from the veins 
of casaiterite, which traverse such rocks as granite, gneiss, 
porphyry, and sohisla. These veins appear to be amongst 
the oldest me tall! fe roil B lodes in Oornwall, since they are 
never cut by (hose containing other metallic minerals. It 
is usually supposed tliat these tin lodes arc older than any 
of Ihe fosailiferous rocks, and that in every country they 
were formed before tho veins containing other metalitu 
ores. But there is no evidence to support these suppoai- 
tions. On the contrary, it is known that the tin lodes of 
Cornwall were formed during the carboniferous era, while 
in Wexford similar lodes were formed long before, and 
yet after others containing lead and coppei'. Tho proha. 
bilii_v ia, that metalliferous veins of every kind uiav be 
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referred to every geological period during which crystal- 
line rocks were formed, and that their relative ages vary in 
different conntries. The Gorniah mines are by far the most 
important, yielding more than all the tin mines throughout 
the rest of the world. Malacca and Banca in the East 
Indies, Saxony, Queensland, and Bohemia are the otiieir 
chief tin-yielding diBtricts. The deposits of France muoh 
resemble those of Cornwall and Saxony, but the ore is not 
in sufficient abundance to be profitably worked. There 
are important tin mines at Guanaxuato and Zacatecas, in 
Mexico. Quartz is the nsual gangne for cassiterite, and 
the minerals that accompany it are — mica, tourmaline, 
axinite, topaz, apatite, chlorite, molybdenite, tellurium, 
gold, and platinum. 

ZiROOK. (SiOjZrO, or Silica = 33-67; Zirconia = 66-33. 
S^n, Zyrconite ; Hyacinth ; Jargon.) 

This is usually considered to be a silicate of zirconia, but 
latterly some mineralogists have been induced to believe 
it to be a combination of two isomorphous oxides, and we 
have adopted this opinion. It resembles cassiterite in its 
chemical constitution and in its crystalline form ; its crystals 
are derived from a right rhombic prism, one common 
form being the pyramidal variety, shown in Fig. 20, 
PI. II., which dififers little from a corresponding variety 
of cassiterite. It has an oily and somewhat adamantine 
lustre, a hardness of 7-5, a specific heat of -132, and a 
specific gravity of 4-68 (62,313), which is rather high for 
a non-metallic mineral. The colourless varieties from 
Tyrol and the lake of Laach are seldom found, but those 
having a red, brown, grey, yellow, or green tint are more 
frequently met with. Zircon is infusible before the blow- 
pipe, and is usually unaltered ; the red varieties are 
changed to yellow, and the brown are whitened. When 
mixed with borax it may be fused, but with difficulty. 

The jargon variety is found in transparent crystals in the 
granitic rocks of the Pfitsch valley in the Tyrol, and in 
the trachytic rocks near the lake of Laach \ vol ^^-^ ^-i 
yellowish cryatah in the micaceoxva to^^^ ^\i«t^ W. \% 
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BSBOciated with aduUria, rutile, and hematite ; in binisli 
cryatale BBBOciated with nepheline at Mont Sornma; in 
yellow or brown cryatale osBOciated with elteolite in mias- 
cite, a rock nearly allied to Byenite, It haa alao been found 
in severnl olher locaUtiea in France, Ceylon, Norway, 
Siberia, the United States, and Greenland. 

The hyacinth variety ia usually found in basalts and 
baealtic rocke, and in the ancient volcanic aands. The 
principal localities are in volcanic sand, farming the 
bed of the rivulet of Espailly, near tko Puy-en-Velay ; 
and in eimilar aands at fieanlieu, in Provence, and at 
Bilin, in Bohemia. 

Auerhachile te probably a variety of zircon, in which 
the proportion of the two oxides is somewhat different 
from what is found in zircon proper. Its crystalline form 
closely reaembles that of zircon ; its liardneaa ia 7"5, and 
ite sp. gr. i'06 (46,362). OUranite is a variety of zircon, 
while malaame and oentedlite are zircone containing a 
Bmall proportion of water. 

RoTiLB. (TiO, or Ti = 60-98 ; = S9'02. ^'^'n. Ti- 
tanite ; Oxide of Titanium ; Sageuite ; Criapite.) 
Its crystals are riglit rhombic prisma, with four, eight, or 
twelve sides, terminated by pyramidal summits. They 
are remarkable for the frequency with which 
they are met in masses composed of acicular 
priama, connected together by their oblique 
. rerniinal faces, so as to form an angle or knee, 
in Fig. 3G. The cleavage parallel to the 
I lateral faces of the priem is more diatinct than 
56 parallel to the two diagonals of the baae. 
lig.as. Pare apecimens are bright red and trans- 
parent ; the most common colour is cherry -red, and some 
specimens are brownish. The loatre ia metalUo or ada- 
mantine, the ap. gr. 4-3 (48,056), the sp. ht. 'IS?, and 
the hardneaa 6'6. It ia infuaible by the blowpipe, and, 
with borax, gives the reactions of titanic acid. It is in- 
soluble in acids nnleae when reduced to an impalpable 
. jwwder, and treated with hot and strong aulphnric acid. 



ANATASE. 185 

It occurs in minute veins in the more highly crystalline 
rocks, such as gneiss, mica schist, (fee, "where it is asso- 
ciated ¥dth hyaline quartz, tourmaline, apatite, sphene, 
haematite, chlorite, albite, and several other minerals. 
The finest crystals have been brought from Bosenau, in 
Hungary ; Buytrago, in Spain ; Bona- Vista, in Brazil ; 
and two or three localities in the United States. It has 
also been found in France, Switzerland, and the Alps. 

XantMtane is a yellowish white, pulverulent, hydrated 
variety of titanic acid, containing traces of zirconia. It is 
found in decomposing felspar, Green Biver, Henderson 
County, North Carolina. Nigrine is a mixture of rutile 
with titaniferous iron. 

Anatase. (TiOj Sijn. Octahedrite.) 

It has precisely the same chemical composition as rutile, 
but a different crystalline form. The crystals are dimetric 
octahedrons, in which the terminal edges make an angle 
of 136^ 22', and the lateral edges an angle of 97^ 56'. 
They possess a distinct octahedral cleavage, and often 
have their faces longitudinally striated. The usual colour 
is either indigo-blue or steel-grey, and less frequently 
honey-yellow, hyacinth-red, clove-brown, and iron-black, 
when viewed by reflected light, while it is nearly always 
greenish-yellow by transmitted light. It is therefore a 
dichroic mineral. The lustre is resplendent and adaman- 
tine, the hardness 5*5, the sp. ht. *161, and the sp. gr. 
3-85 (43,935) to 3-95 (44,053). It is infusible by the 
blowpipe alone, but melts into a yellowish globule when 
fused with soda. It is soluble in warm concentrated 
sulphuric acid. 

It is far less abundant than rutile, and is most commonly 
met with in small crystals in fissures in granites and mica 
schist. In the Alps it forms minute veins along with 
hyaline quartz, albite, chlorite, and hssmatite. It is found 
In Cornwall, Devonshire, North Wales, France, Switzer- 
land, Norway, Spain, Siberia, Brazil, and United States. 
It has been produced artificiiJly by the action of steam. <i^ 
gaseous fluoride of titanium. T\ie tem^ct^taoit^ ^\»^\s^^ 
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analaae formed was a little below that required to volatilise 
cadminra ; while brookite was formed in a eimilar way at 
& temperature required to volatilise aiac, and rutile was 
formed at a red beat, The epecific gravity of the nnatase 
lliua produced was S'9, of the brookite 1*2, and of the 
rutile, 4'3. 



Bbookitb. (TiO,. 5y«. Jsirinito; Arkanette.) 

Although it has tbe same chemical composition as the 
preceding two species, it possesses a different crystalline 
form and different properties. Its crystals belong to the 
monocUnic system, like those of wol&amite. Tbe UBual 
form is a rliomboidal or tliin hesagonnl table, and n less 
abundant one is a rhombic prism with four-sided pyramidal 
terminations, In these latter the terminal edges make 
angles of 101° 3' and 135'' 37', and the lateral edges an 
angle of 90° 44'. The colour is yellow, red, brown, or 
black ; the lustre sub-metallic ; the specific gravity of the 
more transparent cryetala 4-20 (46,947) to 4-23 (47,381), 
and of the opaque varieties 38 to 4' 18 ; and the hardnesB 
6'5 to 6'0. It is infusible by the blowpipe ; but, when 
calcined, its specific gravity is raised to 4'3 (48,055). It 
ia said to be insoluble in acids. It tisnally contains amnll 
proportions of ferric oxide and alumina. 

"The crystals occur iu a rock composed of quartz and 
albite containing anntase, at Oieane, in Dauphino, and 
associated with nitile iu the volcanic tufa at Etna. The 
other localities are at Tremadoc and on Snowdon, 
in Wales; on Mont Blanc and St. Gothard ; in the 
Valoreina and the Griaernlhal, Switzerland; at Mtaak, 
in the Ural Mountains; iu North Carolina, and near 
Magnet Cove, Arkansas. The crystals from this last 
locality are black, and were formerly thought to be a 
distinct species nuder the name o( Arkamite. 

Brookite hae been crystalliaed artificially hy the reactioB 
of gaseous chloride of titanium and steam at high tempe- 
ratures, as well a^ by the method mentioned under 
A/ia/otr. 
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Pyholusite. (MnO, or Mn = 63-6 ; = 36-4. St/n. 
Folianite ; Peroxide of Manganese.) 

It crystallises in short, longitudinally-striated prisms, 
aerivable from a trimetric prism with an angle of 93° 40'. 
It also occurs in mammillated masses, with a granular, 
fibrous, or earthy structure. Some mineralogists restrict 
the term poliamte to the perfect crystals, reserving pyro" 
lunte for those which are more or less decomposed or 
altered. Folianite has a metallic lustre, a clear steel-grey 
colour, a hardness of 6*5 to 7 ; a specific heat of '159, 
and a sp. gr. of 4'86 (64,213). Pyrolusite has a semi- 
metallic lustre, an iron -black and sometimes bluish colour, 
and a hardness of 2*5 to 3. Polianite is convertible into 
pyrolusite by a change of molecular condition, and the two 
varieties are frequently associated ; pyrolusite also occurs 
associated with manganite, from which it is believed to be 
derived. 

This mineral is infusible by the blowpipe ; but, when 
heated, loses a portion of its oxygen, giving rise to man- 
ganic oxide (braunite), and, at a higher temperature, 
to manganoso-manganic oxide (hausmannite). The faci« 
lity with which it gives off a portion of its oxygen has 
eansed it to be much employed as an oxidising agent in 
chemical operations. It is soluble in sulphuric and hydro- 
chloric acids. 

Polianite is more especially met with in the crystalHne 
rocks, while pyrolusite usually occurs in the comparatively 
unaltered sedimentary ones. The more important mines 
are at Eglersberg and other places in Thuringia, and at 
Vorderehrensdorf, in Moravia. It is also found at Boman- 
^che, in the department of the Sa5ne-et-Loire, associated 
with manganite, psilomelane, barytine, fluorspar, and 
calcite ; at St. Martin, Dordogne, associated with barytine ; 
in the oolitic limestones at Excideuil, Dordogne ; in the 
tertiary sandstone at D*Orsay, near Paris; at several 
otherj places in France ; in Devonshire ; and many parts of 
tke United States. 

Varvojcite is an impure manganese ore, wMclv ^y^^'«:^^ 
to contain a hrge proportion of pyroVaL^Vle. 
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Rock Oeybtal. (SiO, or Si = 46-7 ; = C3-3. S^n. 
Hyaline Quartz; Vitreous Quartz.) 
Ita crystalfl belong to tbe hexagonal Byeteni, having 
for their primary form a rhombohedron with an nngle 
of Si'> 16, Bomewhat like that shown in Fig. 2, p. 29), 
the prevalent form being the pyramidal priBm (Fig. 37) 




Fig. as. 



««.». 



The cleavages are imperfect and difficult to obtain, bat 
they are generally parallel to the faces of the primitive 
rhombohedron. The surfaces produced are somewhat 
curved, and show a tendency to the conchoidal fracture 
whicli characterises moat varieties of this mineral. The 
fracture is sometimes rippled, as in the amethyst. The 
double six-sided pyramids are seldom more than an inch 
in diameter, but prismatic crystals much larger than this 
are occaaionally fonnd. The faces of the pyramids are 
generally smooth, while those of the prism are frequently 
marked with transverse slriations. Many of the crystals 
which arc apparently simple are really composed of two 
or more blended together. These twins are easily recog- 
nised by the striations on some of the faces, such as those 
of the prism, being interrupted ; by the different degrees d 
' lustre presented by the same face; and by other aigna 
which cannot be detailed. It would seem, indeed, that 
these compound crystals are the most prevalent, while the 
simple ones are exceedingly rare. 

Pure rock crystal is coloorleas, and perfectly trans- 
parent; but it is often colonred by foreign substances, 
which may be combined with it, either as mechanical ad- 
iDixturea or as chemical solutions and compounds. Those 
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coloured by the first of these methods are more or less 
opaque, and those coloured by the second are usually 
transparent. To this latter class belong the more highly 
prized varieties, such as the roie quartz of Bavaria ; 
violet quartz, or the amethytt ; blue quartz, or taphirine ; 
yellow quartz, or topaz; and smoky-brown quartz, or 
cairngorm ttonet. To the former class belong aventurine, 
chloritic quartz, and many others. 

The opaque red crystals from St. J ago de Oompostella, 
in Spain, owe their colour and opacity to dispersed flakes 
of ferric oxide. The ferruginous varieties called etien- 
kiesel, or iron flint, by the Germans, are aggregated 
masses of minute quartz crystals cemented together by 
oxide of iron. 

The sp. gr. of rock crystal is 2*65 (29,261), its hard- 
ness 7, or sufficient to scratch glass, and its sp. ht. *186. 
When two pieces of a whitish colour are rubbed together 
they yield a sort of phosphorescent light visible in the 
dark, and acquire positive electricity. It is infusible 
alone by the ordinary blowpipe, but is easily melted by mix- 
ing it with a caustic alkali, yielding a glass which is soluble 
in acids. It has been melted alone, and even volatilised 
by means of an alcohol flame fed with oxygen. It is in- 
soluble in all acids except hydrofluoric acid. The coloured 
varieties owe their tints to the presence of minute pro- 
portions of alumina, oxide of iron, oxide of manganese, 
titanic acid, oxide of nickel, and other substances. 

Bock crystal, or hyaline quartz, occurs either (1) in 
crystals and crystalline grains, or (2) as a constituent of 
crystalline and sedimentary rocks. The crystals are 
common in granitic and porphyritic rocks, as well as in 
gneiss, mica schists, and saccharoidal limestones; but 
rare in serpentines, the trachytic and basaltic rocks, as 
also in the sedimentary strata. In these last the rolled 
quartz is the most abundant, and forms the great bulk 
of sandstones, puddingstones, conglomerates, grits, and 
sands. 

It has been produced artificially by Daubree by the 
action of steam on gaseous fluoride, ox daVoYvS^ft ^l >sS\r«^, 
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I fay M. Scnnrmont by slowly licating a aolation til 
galatiaoua eilica in dilute hydrochloric acid to between 
200" and 300° F. 

No mineral occurn in tlia cryatallitie formB of so many 
other substances as quarts. Tliere arc said to be no leaa 
than twenty-seven such paendomorpha. All these psendo- 
lorphous crystals are marked by a dnll, porons, and tiii- 
even surface. It frequently diaplaces, and takes the 
form ofcalcspar, dolomite, calamine, chalyhito, and ligneoua 
fibre. The silicification of shells and wood are examplee 
of the first and last liinde of pseudomorphs. 

A massive rose-coloured quartz of considerable trans- 
lucenoy occurs at Itabenstcin, Bavaria, and is known 
as the Bavarian ruby. Its colonr is attributed to the 
presence of the oxides of titauium and manganeBe, and 
its lustre baa n peculiar oily appearance. Sand and sand- 
stone are rolled grains of quartz cemented together by a 
siliceous, argillaceous, or calcareous paste; eometimes 
they lake the form of the rhombohedrons of calcapar, as 
at Fontainebleau. AmeOxyit is a violet quartz, having a 
peculiar structure. It appears to be built up of a number 
of superposed laminie composed of different kinds of 
quartz having different properties, or of the same kind 
differently arranged. Tliis is the cause of its rippled 
fracture. By means of polarized light the structure above 
indicated can generally be made out, eapecially in aome 
of the crystals from Brazil, or it may be developed by 
partially dissolving them with dilute hydrofluoric acid. 
Its colour is attributed to manganous oxide ; but since it 
is destroyed at about 472° P., it is possible it may be due 
to organic mat ter, Cafs-ei/e is a broHTiish-red or greenish- 
grey, translucent variety, penetrated by amianthu«, and 
presenting a peculiar opalesoenca when cnt in a convex 
form. Oeylon and the Cape of Good Hope are its princi- 
pal localities. This opnlesoence is also found in fire opal. 
Avcnlurine is a finely grauular, translucent variety of 
grey-green or brown colour, containing a number of 
brilliant specke. These specks are sometimes composed 
of mica, and sometimes of coppfr. Fuhe (ojiaa is a light 

1 
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yellow variety found in Brazil. It is much used by 
the jeweller^ who modifies the colour by carefully cal- 
cining the stones. Smoky quartz is a brownish, or even 
nearly black, variety found in Brazil and Bohemia. Praic 
is compact, and has a pea-green tint. It is found at Brei- 
tenbrunn, in Saxony. A blue variety of quartz from 
GoUing, near Salzburg, is called liderite. 

There are numerous amorphous varieties of quartz, 
amongst which the most important are chalcedony and 
/lint. Flint is a compact variety, generally of a blackish 
colour, but sometimes yellowish or greyish. It has a 
slight lustre, a conchoidal fracture, and is somewhat 
harder and heavier than ordinary quartz. By weathering 
its external surface is rendered white in the black speci- 
mens ; and the same effect is produced by a gentle heat. 
It is remarkably abundant in the uppermost part of the 
chalk, which is hence known to geologists as the white 
chalk with flints. It is usually arranged in parallel bands 
of nodules, from three to seven or eight feet apart, but 
sometimes as immense continuous sheets, which may be 
parallel with the bedding of the chalk, or inclined to it at 
various angles. Layers of a similar kind also occur in the 
Porbeck and Portland beds. HornsUme resembles flint, 
but differs from it in being more brittle, in breaking 
with a splintery, uneven fracture, and in not being so 
hard as quartz. It forms compact layers in limestones of 
various ages. Its colour is variable, but the most fre- 
quent tints are grey, yellowish, or reddish. It closely 
resembles compact felspar in external appearance, but is 
readily distinguished from it in being infusible by the 
blowpipe, whereas felspar is fusible. 

Mineralogists apply the term cJudcedonies to all the 
amorphous varieties of silica, which break with a scaly 
fracture, and possess a cloudy transparency, combined 
with lively colours and a high susceptibility to polish. 
Those which have a conchoidal or smooth fracture, 
a dull colour, and do not readily take a polish, are 
grouped together as flints. These terms are alao \^- 
stricted to one variety in each growp. Fliut \^^^^3V5^5^ 
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variety from the chalk, and chalcedony proper is a variety 
poaseuing cooHiderable tranalucency, a bluish-white colour 
Boiuetimea approaching to lavender, and a peculiar cloudy 
appearance. It occurs ia mammillated, botryoidat, Btalac- 
titic, or reniform masses, and aomctimea in veins or in layers 
of variable colour and tranalucency, lining cavities and 
fissures in rocks. Specimena having this banded ap- 
pearance are familiarly known as agates, and are princi- 
pally obtained from amygdaloidal rocka in the Faroe 
Islands, and at Oberstein, not far from Coblentz. When the 
layers are parallel or concentric, and the culours regularly 
alternate (generally brown and white), it ia called onyx, 
and ia used for malting cameos. This ia done by carving 
ont the different parts of the desiga in one or other of 
two loyers, and in cutting away the part of the uppermost 
layer not occupied by the design, so aa tu have a uni- 
form background of white or brown. The apotheoaia of 
AugUBtua and the Mantuan vase at Brunswick are well 
known examples of this kind. When some of the bands 
are red the stone ia called n lardonyx. Plasma ia a 
dull green chalcedony. Chrysopraae ia an apple-green 
variety, and probably owes its colour to a little oxide of 
nickel ; it is found at Kosemiitz, in Silesia. Heliotrope has 
a green tint spotted with red. Tlie red spota are believed 
to be jasper, and tho green tint to be due to nn intimate 
mixture of ripidolite, a mineral which is green by reflected, 
and red by trnnamitted, light. Hence, when the atone is 
placed in water ita tranalucency ia increased, and the sun's 
image being aeen in it by transmitted light, might appear 
to be red, as stated by the ancients. Ita name is said te 
have been given it in consequence of this power to make the 
BUQ appear red. Canielian is a red chalcedony ; its natural 
colour ia a pale or light red ; but the tint is darkened by 
expoaiug the atonea to the sun's rays for several months. 
The finest specimens are brought from Arabia ; from 
Surat and Cambay, in India ; from New Zealand, and 
Sasony, There are many other localities. Most agates 
derive their name from the mosa-liko red and green den- 
dritic forma which they contain. Theae forma arc geos- 
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raUy composed of oxides of iron and manganese ; but it is 
stated that in some cases they are really of vegetable 
origin. Lydxcoi stone, or taucJutone, is an impure car- 
bonaceous flint of a dark or blackish-green tint. It is 
used by jewellers for testing the quality of a gold alloy ; 
the colour of the streak varying with the proportion of 
gold, an experienced eye is enabled to judge approxi- 
mately how much gold is present. Beekiie is an impure 
variety of chalcedony. 

Opal. (/Syn. Hydrate of Silica.) 

This never occurs in a crystalline form. It is com- 
posed of a combination of silica and water, the proportion 
of the latter varying from 8 to 13. Its hardness (5*5 to 
6*5) is less than that of rock crystal, as also is its specific 
gravity, which varies from 1*9 (21,238) to 2-3 (26,899). 
The specific heat is somewhat higher than that of quartz, 
and is probably about '200. Its fracture is conchoidal ; 
its lustre vitreous, sometimes inclining to resinous; and 
its colour variable, as indicated in the descriptions of 
the varieties. It is distinguishable from quartz by its 
lower specific gravity, its non -crystalline form, its com- 
plete solubility in a solution of potash, and in decrepi- 
tating when heated. These differences appear to be 
due, not to the water, but to the silica of opal being 
different from the silica of quartz. According to Fremy, 
they are two allotropic forms of the same substance, one 
of which is denser than the other. The one is represented 
by quartz, with a sp. gr. of 2*6, and which is insoluble in 
dilute alkaline solutions ; the other by the silica obtained 
when opal is calcined, or when the hydrated silicates are 
decomposed : this has a sp. gr. of 2*2, and is soluble in 
alkaline solutions. Their chemical behaviour, moreover, 
is as distinct as their physical properties, and is thus 
pointed out by Fr^my, who calls the silica of quartz silicic 
acid, and that of opal metasilicio acid. Metasilicic acid 
forms salts quite distinct from those produced from quartz. 
The alkaline metasilicates are soluble in water, gummy^ 
and uncrystalUsable, and if required m a ^o\\^ ^\aX.^ >^<^'^ 
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be precipitated fiom llieir aolutionB by menna of alco- 
hol. Water is an important conslitiieTit in many of tLe 
mcttstlicalea, bo tlint when liljernled by means of heat the 
Bciil is Bpptiralci! from its boso, Wlioii an alkaline meta- 
silieate is trenleJ with an nciil, a livdralo la formed from 
ivhiiih llie nnbydrona silicic acid nan be obtained by ie- 
cDuiposiiig it at a red beat. This ncid reBemblea qiiarti, 
but Telaitia its aolubiliiy in dilute atknliiio Bolutions. By 
expoeing it to a high temperature fur a long time it ma; 
be converted into the insoluble variety. Both the alka- 
line ailicatea and inctaBilicatea contain water of cryatalliBa- 
tion ; but in the former gronp this water does not act the 
part of a baae, lo that when such ailicalca arc expoaed to 
11 red heat the water ia driven off withont cauaing the de- 
corjpoailion of the enlt, and the consequent aeparatioD of 
the silica. The ailicntca arc generally denaer than the 
melaailicntea, more difiiciilt to deconipnae, and when de- 
composed Ihey yield the iiiaoluble modifleation ofqnarlz. 

There are many vovii'liea of opnl. Jlj/aliie (Muller'e 
glass) ia transparent, nnd colonrlesa. It occnra in small 
botryiiidid maascs, like iioduka of glass, on the eiirface of 
lavas and trachytea in Anvergne, near Fmnkfort-cn-llie- 
Maine, and at Schemnits; also in quartzlte and serpen- 
tine in Silesia ; on basalt in Bohemia ; and at some other 
localities in Mexico, Africa, and Iho United States, It con- 
tains very little water, and when thia is driven off, acquires 
a beantifiil pearly lustre. It has no action on polarised 
light, behaving in this respect like a gnmmy or colloidal 
Bubatance. Its index of refraction ia 1-435 ; while that for 
the ordinary ray in qiinrfz is I'oi. Fire opal ia trans- 
lacent, and has a yelloivish, or reddish, ond eomewhat 
irideacent tint. Noble opul ia the variety usually called 
opal by lapidariea, and ia the kind commonly employed 
l)y them. It is aemi- transparent, and of a milky or 
yell'iwiaii-wbile colour; its beauty ia chiefly derived from 
the irideacont reflections, which nre acen when the atone 
ia moved about in tho light. It is fouud in a tracbytlc 
rock nt Czerwenitzn, near Knsehau, in Hnngary j at 
Ouatomala, in Mexico ; and iu tho nraygdnloidal rocl>> ■>{ 
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tbe Faroe Islands and Icelaud. The specimens are 
seldom larger tban a hazel nut ; but there is one specimen 
in the imperial collection at Vienna nearly as large as a 
man's fist. Opals are also obtained from some of tbe 
mines in Honduras ; and beautiful blue ones are found 
in Queensland. Oommon opal is translucent and 
vitreous ; its colours are various, but it does not possess 
tbe brilliant reflections of the noble opal. It abounds in 
Hungary, Iceland, and the Hebrides ; at the Giant's 
Causeway, and near Smyrna. It forms nodules and 
layers in many argillaceous rocks. Semi- opal and meni» 
lite somewhat resemble the last mentioned variety, but 
the colour is generally darker. Cacholong is slightly 
translucent, and bluish-white. Hydrophone is yellowish, 
porous, and opaque ; but when it is placed in water thtf 
air-bubbles are displaced, its opacity is changed to tranfe* 
lucency, and its index of refraction is increased. The 
taibaiheer, constituting the siliceous concretions formed 
in the bamboo, closely resembles hydrophane in its pro* 
perties, such as becomiug translucent and acquiring a 
higher index of refraction when plunged in water. Nectic 
quartz is a highly porous opal. Geyserite, or iiliceoui 
sinter, is an opaline silica deposited from hot springs. 
That deposited by the Geysers of Iceland has a light grey 
colour, with occasionally a pearly lustre. The surface is 
generally covered with a white powder, composed of 
minute spherical globules, and the mass of the stone itself 
appears to be made up of a multitude of these spheres 
embedded in a gelatinous paste. MichaclUc, gloisecollite, 
randanite, and fiorite, are other varieties. 

Arsenolitb. (As, 0, or As = 75SI ; --=x 24'19. 
Syn. Arsenite ; Arsenious Acid ; Arsenic Bloom ; 
White Arsenic.) 

It usually occurs in granular, semi^crystalline masses 
and coatings, in which may be developed a few acicular 
crystals, which are evidently prisms; while octahedral 
crvstals are still more rarely formed. The artificial ar- 
seiaious oxide is known in three diffeiewl «\.^\.^^, nvl«^**^^ 
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amorjiltout, or vitreom, tho oclaJiedral, and the riyht 
rhombic varieties. These varieties have different apccific 
gravitiea, that of vilreous arseniouB oKide being 3-73 
(41.692), and that of the cryBtallised oxide 3'69 (11,146). 
The vitreous variety gener^ly passee into the octahedral 
kind if Itept for a time in contact with the air ; this last, 
indeeil, is the most stable aod the most dominant form. 
Araenolite resembles white antimony in cry stall ising in 
octahedrons and rhombic prisms. The native areenious 
oxide usually has a sp. gr. of 3'69 to 3'7I. The colour of 
the pure oxide is white, and of a greyish white, or even 
yellow, red, and green in the impure speoimena. The 
lustre is vitreous, the fracture conchoidal, and the hard- 
nesa I'S in the amorphous masses, but about 3 in the 
crystals. It is slightly soluble in water; but tbe vitreous 
is more soluble than the crystalline variety. 

This mineral is rare in the native state, and hna been 
found in some mines containing arsenical orea, in which 
it is nearly alwaya met wilh on the surface of other 
mioerak; a fact which has led some to infer that ila 
formation haa been effected by means of artificial beat. It 
haa been detected in solfataras and the craters of some 
old volcanoes. The best known localities are at Andreas- 
berg, iu the Harz ; Joachimathal, in Bohemia; Eieber, 
in Hanan ; Kapnik and Malacaka, in Tranaylvania; SI. 
Marie-aux-JIines, in Alsace ; and in the valley of Gistao, 
in the Fyrenees. It ie used for many purposes iu the 



Senaemostite. {Sb, 0^ or Sb = 8i-3 ; O = 15-7.) 
This is the octahedral form of antimonious oxide found 
in considerable quantity in a mine near Sanza, in the 
Constantine province, Algeria ; and also at Perneek, 
Hungary. It occurs in granular massea, in the cavities of 
which a, few small octahedral crystals are occasionally 
found. The cryatals are colourless or greyiah white, and 
have an adamantine lustre, a hardness of 2 to 2'G; and a 
sp. gr. of 6-23 (58,459). In its other propertiea j^ 
scarcely differs from Valentinite. ^H 
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Valentikitb. (Sb, 0,. Si/n. White Antimony ; 

Antimony-Bloom.) 

This is the antimonions oxide in another crystalline form. 
The crystals are derived from a right rhombic prism with an 
angle of 136^ 58'. They are acicular prisms of a shining 
white or yellowish colonr, with a pearly Instre on the 
lateral faces, and an adamantine one on the terminal faces. 
The hardness is 2*5 to 3; and the sp. gr. 5*6 (62,596). The 
two forms of antimonions oxide are isomorphons with the 
two forms of arsenions oxide. It fases below a red heat ; 
and at a somewhat higher temperature than its fusing 
point volatilises in white fumes, which are partly composed 
of antimonic oxide. It is sparingly soluble in water, but 
freely soluble in hydrochloric acid; the latter yields a 
clear solution, which is rendered turbid by the addition of 
water. 

It occurs in the primary rocks ; the principal localities 
are at Wolfsberg, in the Harz; at Braunsdorf, in Saxony; 
and at Przibram, in Bohemia ; as also in Hungary, 
Algeria, and France. 

Bismuth Ochre. (Bi, Oj or Bi, = 89-9 ; = lO'l.) 

This is known to the chemist as bismuthous oxide, and 
forms a yellowish or greenish pulverulent coating, which 
appears to be derived from the decomposition of the 
sulphide of bismuth (bismuthite). It is readily fusible 
into a brownish fluid ^ which on cooling turns yellow. It 
is soluble in nitric acid, and water precipitates it from the 
solution. It is found at Schneeberg, in Saxony; at 
Joachimsthal, in Bohemia ; at Beresof, in the Ural Moun- 
tains, associated with gold ; and at St. Agnes, in Corn- 
wall. 

Wolframite. {8j/n, Tungstic Ochre.) 

A mineral consisting almost wholly of tungstic acid 
(Wg O,), sometimes forming the nucleus of rhombic 
crystals of tungstate of iron and manganese (Wolfram). 
It is reported to have been found in North Carolina and 
Missouri. 
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SiBBOLiH. {Bj 0,. 3 II, or Boric-oxide = 66-38 ; water 
= 43-62. S;/>i. Bordtic Acid ; Oxide of Boron.) 

This ia the well-known horacic acid of the lagoons of 
Taacany, occurring as white or ycllowiEh fibrous or flaky 
iiicrustntions; or ob n aohiiion in wnter. The crystals 
ohtainetl from the nqueous solution are six-sided lamina, 
derivahle from an oblique prism, with angles of 118° 30' 
and 84° C3', and n distinct cleavage parsllel to the base. 
The sp. gr. is 1-48 (16,543); and the hardness 1 to 1-5. 
It has a faintly acid and slightly hitter taste ; dissolves in 
2S partB of water at about G4°; hut is more readily 
aolahle in alcohol, yielding a sohition which burns with a 
heniltirnl green-edged flame. 

The great hnlk of the horacic acid of commerce ia 
obtained from the vapours which escape through boles in 
the ground, called tuffioid, by enclosing the apertures with 
ti baein of maaonry, filling the basin with water, and evapo- 
rating the aqtieons aolution until the boracic acid is 
crystallised out. The vnpourB contain only a small pro- 
portion of the boracic acid, and consist mainly of aqneoos 
vaponr, carbonic acid, and snlphuretted hydrogen. The 
richest siiftioni arc those at Cherchiago, Monto Cerboli, 
and Castel Nuovo, The snffioni are generally situated in 
valleya, but some occur on the slopes or summits of hills. 
Those at Monte Cerholi form n long line about 700 feet in 
length nt the bottom of a deep straight valley. Sassolia 
has also been found in the crater of Vulcano, where it 
forms n crust remarkably free from impurities ; nnd in 
several mineral waters, such as those at Wiesbaden, 
Krankenheil, Olette, Aachen, and Bex. 

Various explanations have been proposed to account 
for its occurrence in the snffioni vapours ; hut none appear 
to he satisfactory. 

ANTiuosr-OoHRE. (Sb, Oi. Syn, Cervantite.) 

This appears to bo a compound of flnliraonions (Sh, 0,) 
nnd anlimonic (Sb, 0^) asides, into which it is cnsily re- 
toived hy namerouB chemical reagents. It ocoura in 
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adcular crystals, or forms a compact or pulrerulent 
crust on other substances. Its colour is yellowish ; its 
lusti*e greasy or earthy ; and its sp. gr. 408. It is 
soluble in water, but more so in hydrochloric acid. It 
is found at Pereta, in Tuscany ; Cervantes, in Qalicia, 
Spain; France; Hungary; at several localities in Corn- 
wall ; at Hare Hill, in Scotland ; in large crystals in 
Borneo ; in Mexico, Canada, and California. 

Maj^ganosite. (Mn 0.) 

The protoxide of manganese occiirs in minute isome- 
tric crystals, usually the octahedral and dodecahedral 
modifications, rarely the cubic. Hardness 5 — 6 ; sp. 
gr. 6*18; lustre vitreous; colour emerald g^een on 
fresh surface, but black on those which have been ex- 
posed to the air. It dissolves with difficulty in strong 
nitric acid, forming a colourless solution. It is found 
in dolomite or calcite associated with various manga- 
nese ores at Langban, Wermland ; also at the Mors- 
grufva, in Nordmark, Sweden. 

Chrompicotitb. 

It is a chrome-iron-magnesium oxide which seems to 
be a variety of chromite from which it chiefly differs 
by its great hardness (8) combined with its low sp. gr. 
(4*1). It is found at Dun Mt., New Zealand. 

Jacobsftb. 

It is apparently a combination of the peroxide of man- 
ganese and iron with magnesia and protoxide of 
manganese having a constitution analogous to that of 
Franklinite. The crystals are octahedral. It scratches 
glass, and has a sp. gr. of 4*75. The lustre is brilliantly 
metallic, and the colour deep black. It is found at 
Jaoobsberg, in Sweden, associated with white mica and 
native copper in crystalline limestone. 

Hydroctjprite. 
A hydrated cuprite, which occurs in thin amorphor 
coatings of an orange yellow to oxaii^Q \^^ ^^^^*qs 
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mBgnetito. Occasionally fine red cryetals of cuprite 
gradually change to an orange yellow colour indicat- 
ing their change ty pseudo-morphaBm into hydrocu- 
prite. It is found at Cornwall, Lebanon co., Pennsyl- 



TniDY^nTE. (Si 0,.) 
Several new forms of silica have been lately recorded. 
One of these is called tridymite by Von Eath ; the 
name referring to the groups of three crystals in which 
it usually occurs. It crystallises in small colourless 
and transparent hexagonal tables, which are said to 
have the double refi.-actJon of an optically uniaxial 
substance. The hexngona are pseudo symmetrically 
arranged twin crystals belonging to the triclinic 
system. The sp. gr. is 2*2, or approximately that of 
opal. It has been met with at Mount Taidree, neat 
Antrim ; near Padua ; in druses in a volcanic porphyry 
from Cerro S. Cristoval, near Pachuca, in Mexico ; in 
the orthoclace porphyry of Waldbockelheim ; in tho 
trachyte of Draciienfels ; and in the white aahea elected 
from the island Vulcano. 

AsMANNrra. (Si Oj.) 
This is a second crystallino form of silica with a Bp. 
^. of 2'2. The crystals belong to the trimetric system. 
The lustre is generally resinous resembling opal, and 
the hardness 55, while it is remarkably brittle. It 
is optically biaxial, the two axes being highly diver- 
gent. It is doubly refractive. It is found 
grains in the Breitenbach meteoric iron. 



CoITESITE. 






k 



A form of quartz which oceui's as pearly splendent 
films on the face of ordinary quartz, which have the 
same hardness as quartz, and which seem to be formed 
of interlaminated fibres of pure silica and of hmooite. 
Found at Eock Forest, co. Cork. 

J 
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Battxite is not a true mineral species, being a con- 
cretionary mixture of hydrate of alumina vith hydrated 
peroxide of iron. It is an important aluminium ore. 



CHAPTER VII. 
Carbokates. 



Arragonite. (CO, CaO or CO, Ca or CO,=44 ; CaO= 
66, Syn. Hard Carbonate of Lime; Rhombic Car- 
bonate of Lime.) 

Carbonate of lime constitates two species of minerals, 
arragonite* and calcite, which differ in crystalline form, in 
molecalar structure, and to a greater or less degree in 
their physical and chemical properties, although both 
have precisely the same chemical composition. It is 
needless to point out here what the distinctions are, as 
they will be readily seen on comparing the descriptions of 
the two minerals. 

The crystals seldom occnr isolated, but combined to- 
gether into groups, which frequently appear to consist of 
a single isolated crystal. They are trimetric and deriv- 
able from a right rhombic prism, with angles of 116^ 10' 
and 68^ 50'. The compound masses present a great 
variety of symmetrical forms, but they also occur in 
Aggregates whose structure may be bacillar, acicular, 
fibrous, coralloidal (flos ferri) or compact. 

The colour of pure arragonite is white, but it may be 
coloured various shades of green, blue, yellow, violet, and 
red, mechanically and chemically, by certain substances; the 
fracture is conchoidal or uneven ; the lustre vitreous ; the 
hardness 3*5 to 4 ; the sp. heat *203 ; and the sp. gr. 2*93 
(32,750). It has the power of doubly refracting light. 
When subjected to a low red heat, arragonite decrepitates, 
becomes phosphorescent, and falls into a powder, which, on 
examination^ is found to be composed of minute crystals of 

X3 
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citlcite. It ia Boluble in liyJrocliIoric nnd otber acids, but 
far less readily l)\an colcite, and it is alao soluble in Ti'ater. 
The BiibsUncea wbiuh uBiially occur as impiirities a 
carbonates, especially tlie carbonates of Etrontia, lend, &c., 
or tliose wboae crystols ore isomor|>botis witb tlie crystals 
of arragonite. The voriety contaiuing neorly 4 per cent 
uf carbonate of lead is called TaTnoiciUile. 

Arragonite never constitutes rock masses, but forms 
clusters of crystals in mineral veins, especially snch ss 
contain iron ; irt beds containing altered gypsum ; and in 
numerous rocks which are mainly conipoBEd of lime-com- 
pounds, such as serpentine, fresh-woter lime-stones, Ac. 
It is also found in basaltic rocks. The localities from 
which it has been obtained are exceedingly numerous, 
but many of the finest groups of crystals have been 
brought from Czicsow, near Bilin, in Bohemia. Very 
fine ones occur in a red clay near Molina, in Arragon, 
and in Valencia; and beautiful specimens of the variety 
called flat ferri, having a strilting reaemblance to snow- 
white corn), have been brought from some of the mines in 
Styrin, Bohemia, and Westmoreland. It is difBcnlt to say 
what are the conditions which induce carbonate of lime to 
crystallise as arragonite. The general opinion seems to 
be that it is formed when the crystallising process is rapid, 
as when hot calcareous solutions are cooled and concen- 
trated by evaporation. This view is supported by several 
facts — thus, hot springs usually produce arragonite, and 
cold ones caluite ; again, when gypsum is immersed in a 
concentrated solution of carbonate of soda, arragonite is 
formed; but when the solntion is diluted calcite is formed. 
But there ore also facts which seem to support the opposite 
view. Thug, when the solution of carbonate of iimo is 
weak and flows in an intermittent manner into cavities 
',from wliii:h nir is escluded) having a uniform and low 
temperature, so as to cause the evaporation to be slow, 
then nrragonile is formed, especially tlie variety called 
flotfrtri. This would seem to be the conditions under 
which the beouliful crystalline aggregates in caverns filled 
With carbonic acid at Diifton Fell mine were formed. J[^| 
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cases where the cavity is exposed to the air ordinary lime* 
stone is formed. 

Manganocalcitb. (2 CO, MnO. CO, CaO.) 

It crystallises in prisms and needles closely resembling 
those of arragonite, and possesses the same cleavages as 
that mineral. It has a vitreous lustre, and a transparent 
flesh-red colour. It is of rare occurrence, the only known 
locality being at Schemnitz, Hungary. 

Alstonite. (COg CnO. CO, BaO. S^n, Bromlite.) 

It occurs in crystals derivable from a right rhombic 
prism of 118^ 60', which are frequently aggregated in 
groups of three, which form what appear to be single bi- 
pyramidal crystals. Many of the faces are triangular, 
and marked by a central groove and transverse strise, 
which meet on opposite sides of the groove at similar 
angles. It has been found at Bromley Hill lead mine, 
near Alston Moors, Cumberland, and at Fallowfield, in 
Northumberland. 

WiTHERiTE. (CO, BaO, or CO, = 22-33 ; BaO = 77-67. 
Sj/n. Barolite ; Carbonate of Barytes.) 

It occurs in compact, fibrous, and acicular masses, as 
also in small aggregations of crystals. These last belong 
to the trimetric system, and are derivable from a right 
rhombic prism with an angle of 118^ 30', so that they are 
isomorphous with those of arragonite. The usual forms 
are hexagonal prisms and double hexagonal pyramids. 
Pure specimens are transparent and colourless, but the 
impure crystals are translucent and yellowish or greyish. 
The lustre is vitreous, except on the fractured surfaces, 
which present a vitreous lustre. The fracture is uneven, 
the hardness 3 to 375, and the sp. gr. 4-29 (47,953) to 
4*35 (48,614). When heated in the blowpipe flame it 
decrepitates, colours the flame greenish, and melts into a 
transparent globule, which becomes opacxue on cooling. It 
is very slightly soluble in pure water, b\xl xciot^ ^«ivsi^^ \^ 
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carbonated water. It i> also golabla in moat acid« iviili 

evolution of carbonic acid. 

It ie commonly found in lead veins aBsociafed with 
the variona mi(jeral8 characteristic of ancb veina ; the prin- 
cipal localitreB are AngleBark, in Lancashire ; Snailback, in 
Sliropahire ; Alston Moor, in Cumberland; Fallowfield, 
iu Nortbnmberland; near Neuberg, in Styria; at Leo gang, 
in t'alzbonrg ; and at Tarnowitz, in Silesia. It is also 
found in the Altai Mountains and tn South Ammca. 

Strostianite. {CO, SrO orOO, = 36-4 ; SrO = 63-6.) 

Its crystals are isoniorphous with those of arragonite 
and witiierite, and they form aymmetrica] groupa which 
strikingly resemble the groups formed by the minerala 
named. Strontianite, like them, is also found in acicnlar 
and fibrous mnssea. The primary oryatalline form is a 
right rhombic priam with an angle of 117° 19'. The com- 
monest form is an irregular hexagonal prism. There are 
cleavages in two directions, the more perfect being parallel 
to the vertical faces of the prism. The crystals are gene- 
rally colourless, but they sometimes preaent various shades 
of green, grey, yellow, and brown. The lustre is vitreous 
on the natural faces, but resinous on the surfaces produced 
by fracture, The hardness is 3'o to 4; and the ap. gr. 
3-6 (40,140) to 3-71 (41,370). When heated by the blow- 
pipe the edges melt and the flame is tinged red. It ia 
very sparingly soluble in pure water, also in water contain- 
ing carbonic acid, and readily soluble iu hydrochloric 

It has only been found in veins containing metalliferous 
ores. Thus, at Strontian, iu Argyleshire, it occurs aa 
asp aragua -green needles in a vein of galena, barytine, and 
ealcareoua spar traversing gneiaa. Among ita other 
localitiefl are Leogang, in Salzburg ; Britunsdorf, in 
Saxony ; and Claaethal, in the Harz. BarytO'Slronttanite, 
or tlromnile, aa it is frequently called, is a variety from 
fltromness, in the Orkneys, largely mixed with carbonate O^^ 
vyU, Emmontite is also a variety of strontianite, J^| 
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Oehobiti. (PbO. CO, or PbO --= 83-6; 00, = 16-fi. 

Si/n, Whito Lead Ore; Garbocate of Lead; Lead 

Spar.) 

It is either granniarly compact, fibrona, earthy, or 
cryatalline. Its crystals are trimetric, and derived f^m a 
right rhombic prism with an angle of 111° li' ; and are 
therefore nearly isomorphoua with those of etrontianite, 
witherite, and other carhonateB. There are further resem- 
blancea in the wny in which the crystals are modified and 
gronped together, as, for example, the lix^rayed stara and 
almost regular bezagonal prisma formed by the aggrega- 
tion of many crystals. Figs, 40 and 41 represent some 




of the crystals. It ia colourless when pure, possesseg a 
strong adamantine lustre, and breaks with a conchoidal 
fractnre. The sp. gr. varies from 6-46 (72,209) to 6-48 
(72,4S3), and the hardness from 3 to 3'5, or even less 
than 3 in the earthy varieties. The sp. best is 079. 

OeruBite is readily blackened when expgsed to a stream 
of sulphuretted hydrogen, and many natnral specimens 
have this blackened appearance, which in moat, perbapa 
all, casea is dae to their intermixture with sulphide of lead 
or silver, and not to the action of the gas. When heated 
by the blowpipe the carbonic acid is driven off, aud by 
means of the reducing Same a globule of lead may be 
aeparated. It dissolves in nitric acid, and the solution 
precipitates brilliant laminae of metallic lead upon a bar of 
jrinc, when immersed in it. The action of water contain- 
ing phosphate of lime converts cerusite into phosphate of 
lead; aulphuretted hydrogen converts it into galena; 
oxidation into minium ; and it is also frequently more or 
leas altered into ma;:iiei>te,roa1ach\t»,an&^T3v^c^^ ~S' 
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IB nearly always associated with galena, and consequenlly 
the remarks made on the dislribntion of galena nill for 
tbe most part apply to ceriisile. The finest crystals are 
brought from PouUaouen and Huelgoat, in France ; Hne!- 
PeDrose, Ja Cornwall; and Leadliills, in Scotland 

CALCSPAn. (CaO. CO,. iSyH. Cnlcareotis Spar ; Cnlcite; 

Carbonate of Lime.) 

Chemically tliia ia identiciil with arragonite, bnt atmo- 

turally it is diffcTfot from it. The crystals are derived 
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from an obtnae rliomholiedron. Fig. 42, whose terminal 
cilges make an angle of 105'^ 5'. 

No apecies of mineral preaenta a greater variety of form 
than calcspai-, yet, whatever be tlie shape, this primary 
rhoniholiedron may be readily obtained bv clonvnge ; the 
cleavageB are perfect, and a slight shock an fficee to develop 
thera. The varieties of form which have been described 
and figured by Hauy, Bournon, Levy, Zippe, and others, 
amount to several hnndreda ia number; but the roost 
common are those represented in Figs. 42 — 44, and in 
Fig. 20, Pi. 11. The last is the form of tlia variety known 
as dog'e-toolh tpnr, which is bo abundant in Derbyshire 
and elise where, 

Cnlcspar is generally transparent and trnnnlucont, and 
whan pnrc is cclourless ; but it may be tinged various 
shades of grey, bhic, green, yellow, red, brown, and black, 
owing to the presence of mechanical or chemical impnri- 
lies. The lustre ia usually vitreoua, but the faces corre- 
sponding to the hoxngon.ll prism are frequently pearly, 
lis hardness is 3, and the sp. gr. of the purest crystals is 
'21 (00,415). The ap. beat is -2080, ami it posseMS 
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tlio property of doubly refracting light in a high degree, 
especially in the variety called Iceland spar» It is ren- 
dered positively electrical by friction or compression. 
When acted on by the blowpipe, or when calcined, the 
carbonic acid is driven off, and the white caustic lime 
remains. This decomposition goes on at a much lower 
temperatare when a current of air or steam is passed over 
the calcspar. It is readily soluble with effervescence in 
hydrochloric acid, and is sparingly soluble in pure water, 
thongh somewhat more readily in water containing car- 
bonic acid. It is pseudomorphous after gaylussite, 
anhydrite, gypsum, heavyspar, and fluorspar ; but there 
are many more minerals which are pseudomorphous after 
it, and all of these (nearly thirty) are less soluble in 
water than calcspar. Amongst them may be mentioned 
bitter spar^ manganese spar, zinc spar, malachite, quartz, 
opal, gttthite, brown haematite, iron pyrites, arragonite, 
white iron pyrites, pyrolusite, hausmannite, manganite, 
galena, chlorite, and others. 

Oalcspar is one of the most abundant and widely -distri- 
buted of the minerals, and is perhaps only inferior in this 
respect to quartz. Most of the shells of the mollusca are 
largely composed of it, both in the living and the fossil 
state. It occurs in almost all geological formations ; thus 
it (Jonstitutes most of the granular metamorphic lime- 
stones; and it abounds in the shelly limestones and 
marls. The crystals are usually found in metalliferous 
veins, associated with blende and galena. 

The best known varieties which do not form distinct 
crystals are the following : — 

Satinspar is a fibrous variety, which acquires a satiny 
lustre when polished. It is found at Dufton, in Cumber- 
land, in veins traversing shale, and in several other 
localities in Great Britain. The fibrous varietv of 
gypsum (sulphate of lime) is also called satinspar. 
Limestone is the name for the massive varieties of 
carbonate of lime, the description of which belongs to 
lithology. Iceland spar is a limpid transparent calc- 
spar, found at Rodefiord, on the eaal co^ksX. <i\ \^'^wA% 
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It occnrs in large nodules in an aniygdaloiclBl trap, and 
ia nsnally aseociated with stUbile. SometimcB it is 
Bcarcely more than tranalucent, bnt the purer Bpeuimens 
are beautifully trnnsparent. The latter kinds are much 
in request for enabling tbe phyBicist to study the pheno- 
mena of the double refraction and polariBation of light, 
Slalctpar U a maBsivo variety, occurring in thin, friable, 
IflinirKe. It ia found at Bergmannagriin, near Schwar- 
senberg, in Saxony; at Botnllack and DelaboIe,ia Cornwall; 
at Strontian, in Argyleahire, and at many other localities. 
Rock milk, or agaric mineral, ia finely comminuted 
Blatespar. Stalactites are tbe transparent, semi-crystal- 
line pendents formed by the partial evnporation of slowly 
dropping water holding carbonate of lime in solution, 
The layer formed oo the floor below is termed stalagmite. 
Both these varieties are frequently compoaed of layers or 
bands, having different degrees of lucidity or colour, and 
are often worked into vaaea, elaba, &c. When such water 
forms rivulets, and these Sow out into the open air as 
springs, a portion of the carbonic acid is immediately 
given off, causing some of the carbonate of lime to he 
deposited. Theae deposits are called calcareoiig tv/a. 
The ao-called petrifying springs of Derbyshire are ex- 
amples of this ; bnt in other countries they ore sometimes 
developed on a much larger scale. Thua in Auvergne the 
calcareous matter deposited by one river has formed a 
broad and solid arch of stone strong enough to support 
carriages ; while a second has formed an embankment 
2iOft. long and ISft. high. PlumbocalciUi is a variety 
occurring in rhombohedral crystals, and containiug j 
small proportion of the ieomorphous carbonate of I 
The formula assigned to it is PbO. CO, + 32 CaO.COJ 

Uaokkbite, (MgO.CO, or MgO=48-3 ; C0,=6lf 
Sgn. Giobertite.) 
This mineral consists of earbonale of magnesia, and 
cryetalliaea in rhombohedral crystals, isomorphous with 
those of calcspar, in which the terminal angle 
107° 2S, and the cleavages are distinct parallel to tl 
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of the rhombohedron. It occurs in many other rhom- 
bohedral forms, the connterparts of which are met with 
in calcspar. It is also fonnd in granular, fibrons, or 
radiated masses. The pure crystals are colourless and 
transparent, but impure varieties present various shades 
of yellow, grey, and brown. The lustre is vitreous, the 
fracture conchoidal, the hardness 4*5, and the sp. gr. 2*8 
(31,298) to 3* (33,434). It is infusible by the blowpipe, 
and soluble in acids, but the solution is accompanied by a 
slight eflTervescence only. Breuntrite and giohertxit are 
varieties of magnesite. 

Magnesite is found in the magnesian rocks, such as 
serpentine, talcose schist, chlorite schist, and in metalli- 
ferous veins. It is commonly associated with opal, a fact 
which seems to indicate the probability of its formation 
by the action of carbonic acid on silicate of magnesia. A 
thick bed of it occurs at Bolton, Canada, interstratified 
between steatite and an impure serpentine. It is composed 
of brilliant grains of magnesite intermingled with grains 
of white hyaline quartz. Magnesite frequently contains 
large proportions of silica, water, and carbonates of lime, 
manganese, and iron. It is found at numerous localities 
in Moravia, Norway, Silesia, Piedmont, Spain, and the 
United States. 

Dolomite. (Ca : Mg. 0. COg. Syn, Miemite ; Bitterspar ; 
Brownspar; Pearlspar; Talcspar; Magnesian Lime- 
stone.) 

This is a combination of magnesite and calcite, usually 
in equal proportions, but the proportion may vary con- 
siderably. Thus some dolomites contain two parts of 
calcspar to one of magnesite, such as gurhofian or 
gurhoffite, the white, compact, porcelain-like dolomite of 
Styria; others have two parts of magnesite to one of 
calcspar, such as konite. 

Dolomite crystallises in rhombohedrons very similar 
to those of calcspar, but with a terminal angle of 106 16 , 
which is intermediate between the angles of the crystals 
of magnesite and calcspar. The mo&\¥i«& ^t^^\^ % 
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also aimiUr to those nf caicspar, ntid like tliem are 
generally colonrlesa, but in some cases are tinged with 
red, grey, yellow, or green. The lustre ia usnally 
pearly; the hardness is 3'o, the sp. heat is '206, and 
the sp. gr. 2-8 {31,298) to 3 (33,434). It is distinguiBhed 
by the angle of the rhombohedron obtained by cleavage, 
by its Homewhnt greater bordnees, by the greater preiio- 
minnnce of the peorly lustre, and by its dissolving bIokIj' 
in cold nitric acid with scarcely any effervesce nee. Ia 
tha crystallised varieties the ingredients seem to be 
present in atomic proportions, but in the nraorphoua 
vnrietics tha proportions seem to indicate that they are 
in n state of mechanical miKture. It occurs in the raag- 
ncsian rocks, such as steatite, chlorite, and serpeutine. 

The following are the principal varieties of dolomite ; — 

PearUpar or Browiispar, embracing the epecimens 
with curved shiny faces and a pearly lustre. They are 
generally colourless, but are sometimes reddish, brownish, 
yellowish, or greenish. They are found in lead mines in 
various parts of Europe. 

Bronile is a crystallised variety containing a largo 
proportion of carbonate of iron, Anlcerile is a variety 
in which the magnesium has been partly replaced by 
iron and manganese. 

Magnesian Limestone is finely granular, and frequently 
of a yellowish -grey colour. It forms beds, sometimes of 
great extent and thickness, belonging to every geological 
age, from the Laurentian system up to some of the coral 
reefs of very recent formation, 

Mesitisk Spas. (Jig : Fe O.CO, Si/h. Platomesite.) 
This species ia composed of spathic iron ore, or chaly- 
bite and magneaile, frequently in equal proportions. The 
crystals nre rhombobedrons, with a terminal angle of 
107" 14', having a grey or yellowish -brown colour, a 
vitreous and slightly pearly lustre ; a hardness of 4 to 4-5; 
a specific gravity of 3 (33,431) to 3-G (40,140), and a 
transparency somewhat greater than ihut of ohalyUte 
It is found in ellorite sluto at St. Gothard, also ia tho 
[ Werthal, in tbe Tyrol, and iu P'wAmout. 

U 
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OuALYBiTE. (FeO.CO, or FeO==62-66; CO,==37-94. 
iSyw. Spathic Iron Ore; Siderite; Siderose; Brownspar; 
Sphaerosiderite ; Jankerite ; Ironspar.) 

This is an abnndant mineral, the crystals of which are 
derivable from a rhombohedron with a terminal angle of 
107^, and the modified forms of which resemble the 
corresponding forms of calcspar. Beautiful groups, 
hnviug the form of a flat rhomboid with curved edges, 
occur at Piedmont, and at Baigorry in the Pyrenees ; 
hexagonal prisms are found at St. Agnes, Cornwall, and 
other varieties in Cumberland. The colour is variable, 
and may be ash-grey, yellowish grey, greenish grey, or 
reddish and brownish black. These last two colours are 
due to the formation of hydrated peroxide of iron. The 
lustre is vitreous, the fracture uneven, the hardness 4, 
and the sp. gravity 3-4 (38,005)— 3-7 (41,248). The last 
two characters serve to distinguish it from calcspar. 
When heated by the blowpipe it gives rise to a brown 
powder, which ultimately melts, and yields a black mag- 
netic globule. It is soluble in acids, but slowly and with 
little effervescence ; the solution formed gives a pre- 
cipitate when ferrocyanide of potassium is added to it. 
The mineral is rarely pure, but contains more or less of 
the carbonates of manganese, magnesia, and lime ; thus 
in some varieties, such as oligonspar, there is 25 per cent, 
of the protoxide of manganese, and in others there is 
from 12 to 15 per cent, of magnesia. 

It occurs generally in a spathic and crystalline stale as 
threads, lumps, and wavy veins in metamorphic rocks. 
At Ruszkberg it forms a bed interstratified with meta- 
morphic schists, which is altered in phces into magnetite 
and specular iron. It is found in gneiss, mica slate, clay 
slate, and abundantly in the argillaceous sandstones of the 
coal formation. When largely mixed with clay, sand, 
and various carbonates, it forms the daj/ iron ore, which 
occurs in brown earthy flattened nodules in many of the 
French and British coal-fields. Sideroplesite is a variety 
containing carbonate of magnesia, and represented by th 
formula 3 PeO. GO, + MgO. 00^ 
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DiALLOOiTS. (JInO. CO,, or MnO=61-73 ; CO,=36-27. 

iSyn. Carbonate of MangnneBfi ; Eed Manganese ; Rho- 
docrosite ; Brownapar ; Manganese Spar.) 

It is isomorpliDUB nilh calcspar, and cryBtaliises in 
rhombohedrona, having n terminal angle of lOG^Sl', as 
also in flat tablea and hexagonal priaras. The colour Ib 
roae-reil or brownish; the lustre vitreous, inclining to 
lieaily ; the fracture uneven ; the hnrdnesa i to 5, and the 
sp. gr. 3-4 (38,006) to 3-6 (40,140). It is infusible by the 
blowpipe alone, but when treated with a flux it gives 
the reactions of manganese. It UiBSolvea plowjy in cold 
hydrochloric acid with effervescence. When heated 
to redaesa in the air, or wlien slowly oxidised at ordi- 
nary temperatures, it gives rise to the brownish- black 
hausmannite. Examples of this change are met with 
in many altered rooks, such as tiie grey dolomite of Sutton, 
Canada ; tlie ohve-coloured slates of Silurian age iu Penn- 
sylvania and Newfoundland. This chnnge is also the 
cause of the brown colour of many specimens of diallogite. 
DiiUlogite uanally contains variable proportions of carljo- 
nates of lime and of magnesia, as also of rhodonite, the 
bisilicate of manganese. It is a rare mineral, and has 
been found at a few localities iu Saxony and the Harz ; 
also at Nagyag, in Transylvania, where it ja aasociatod 
with telluride and sulphide of manganese ; at Kapnik, in 
Hungary, where it is associated with sulphide of antimony 
and blende ; at Vielle, in the Pyrenees ; at Glendree, Clare 
CO., Ireland, where it forms a pulverulent layer two inches 
ihiok; and at Washington, Connecticut, where it is also 
in the pulverulent form. 

Oalaminb. (ZnO.CO, or ZnO = 64-5; CO, = 35-5. 

Sj/Ji. Carbonate of Zinc ; Zincspar ; Smithsonite.) 
It is generally found in botryoidal and atalactitic masscE, 
bat sometimes in crystals. These may be either rhom- 
bohedrons with a terminal angle of 107°40', rhomboho- 
drons derivable therefrom, or hexagonai prisms. When 
pure ita colour is white, but from the presence of olher 
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carbonates, chiefly those of iron and manganese, it may 
have a grey, brown, or greenish tinge. The lustre is 
vitreous, inclining to pearly, the fracture imperfectly 
conchoidal, the hardness 5, and the sp. gr. 4*45 (50,301). 
It is soluble in nitric acid with effervescence, and when 
heated in the reducing flame of the blowpipe it volatilises, 
at the same time yielding an intensely brilliant light cha- 
racteristic of zinc. 

Pure calamine is rare, but has been found in Derbyshire 
and Somersetshire ; the impure varieties constitute the 
principal zinc ore. One variety contains more or less of 
the silicate of zinc (Smithsonite) ; another, having a 
greenish colour, contains carbonate of copper ; another, 
having a brownish or yellowish hue, contains carbonate 
of iron ; and there are others which are more or less 
intermixed with the carbonates of lime, manganese, mag- 
nesia, and lead. Calamine occurs in veins in some of the 
old metamorphic rocks ; in irregular masses in many of 
the sedimentary strata, as in the Mendip Hills, England ; 
Tarnowitz, Silesia ; Vieille-Montagne, and other places in 
Belgium ; in Sardinia ; in Siberia ; and in Mexico. 

Szaskaite, Herrerite, and Kajpnite are varieties of cala- 
mine. 

Barytocalcitb. (BaO. COg+CaO. 00^.) 

This is an isomorphous mixture of the carbonates of 
baryta dr.d lime. The crystals are elongated prisms, 
whose primitive form is an oblique rhombic prism, the 
principal faces of which are inclined towards each other 
at an angle of 106° 54', and towards the base at an 
angle of 102^ 54'. The cleavages are distinct parallel 
to the faces of the prism. The crystals are of a yellowish- 
white colour, and have a vitreous lustre. Their hard- 
ness is 4, and their specific gravity is 3*6 (40,140). 

Natron. (Na^O. COg+lO HaO.) 

The anhydrous neutral carbonate of soda is not known 
in a native state, except perhaps in solution, but two of 
its hydrates are known. One of the&e\^\iA\xc>\i^^\^^ 
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cryetalliBefl ia flat tables with bevelled edges, derivable 
from (in oblique rhombic priam, wlioae principal faeea ore 
iudinwl at nu nngle nf 70° 42', and whose baao is inclined 
to u vertical axis nt on angle of 51° tC. Iq nature, 
liowcvijr, it seldom neaiimea the cryetalUno form, but 
nearly ahvava that of a white or yellowiBb earthy in 
criistaliuo. Its lustre is vilrcous or ilull, it^ hardncea 1 Ig 
1-5, and its sp. gr. 1-4 (Ifi.Gii))- It is sohihle in botli 
hut Olid cold water, mid mny be fused iu its water of 
cryslBllisnlion at ti raodernto heat. I( occnra, nlons with 
tlic moiiohydrated carbonate in tlic soda lakes of Egypt, 
Arabia, India, and Hniigary. It has ahio been foand at 
Vesuvius, at Etna, and in vorioue parts of Asia, AfrioB, 
and America. In most cases it oppears to have been 
formed hy tbe action of carbonate of Ume on common 
salt. The while effloreseencc on old wnlla la frequently 
composed of Ihia Ball, end has been formed in the w< 
indicated. 
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THERMosATiiiTt;. (Nn^O.CO,+U,0.) 
This is tha mouohydrnted neutral carbonate of soda. 
It is usually associated wiih iintron, being formed from it 
by effloresuence, and ia frequently the more abundant oi 
tlio two minerals. It ia colonrlesa, and hns a vitreous 
lustre. It is fusiblo in the blowpipe, importing to the 
flamo the yellowish tinge charncteriatic of sodium. It 
crystallises in rectangular tabular crystals with bevelled 
edges, belonging to the triraetric system ; the faces formed 
by the bevellinga are inclined to the prioeipal faces at 
anglea of 65° 50' and 107" Sff. It ia found in Hun- 
gary, Lower Egypt, Columbia, and tbe East Indies. 

Troha. (2Na,O.3C0,+4H,O,orSoda=37-93; OljH 

Acid = 40-24; and Water 21-83. S>/n. Urno.) ^H 

It forma broad columnar crystals belonging to the 

monoclinio system, and derivable from an oblique rhombic 

prisni of 47^ 30', having an eaay cleavage pornllel lo the 

hasp, Tlie crj'stala are colourleau and transparent ; tliey 

vitreous lustre, a conchoidal fracture, a hardness 
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of 2-6 to 3, and a sp. gr. of 2-6 (29,062). Trona has an 
alkaline and acid taste, does not effloresce in a dry atmo- 
sphere, and when exposed to a dry heat, or when its 
solution is boiled for a time, it is converted into the neutral 
carbonate (Na,0. CO2). It dissolves in dilute hydrochloric 
acid with effervescence. In nature it occurs most abun- 
dantly as an incrustation having a radiated fibrous struc- 
ture. Near Fezzan, in North Africa, it forms a layer 
thick enough for it to be used in the construction of walls ; 
it incmsts the ground at Maracaibo, in South America, 
where it is called urao; and it is found in an efflorescence 
near Sweetwater River, Rocky Mountains, mixed with 
sulphate of soda and common salt. 

Gay-Lussite. (Na,0. COg+CaO. C0,-f-5 HaO. S^n. 

Natrocalcite.) 

This combination of the carbonates of soda and lime 
crystallises in the monoclinic system in crystals derivable 
from an oblique rhombic prism, whose principal faces are 
inclined towards each other at an angle of C8° 60', and 
towards the base at an angle of 96° SO*. The cleavage is 
perfect parallel to the faces of the prism. The crystals 
are white, vitreous, and transparent when pure, but by 
exposure to the air they often become yellowish white 
and opaque. The hardness varies from 2 to 3, and the 
sp. gr. from 1-92 (21,461) to 1-99 (22,224). When heated 
it loses its water and becomes opaque. It occurs in 
abundance at Lagunilla, near Merida, in Maracaibo, 
South America, and at Sangerhauscn, in Thuringia. 
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Lanthanitb. (La : Di. O.CO2+3H2O. St/n. 
Hydrocerite ; Carbonate of Cerium.) 

There has been, and still is, considerable uncertainty 
as to the composition of this mineral. First it was said 
to be a hydrated carbonate of cerium, next a hyd rated 
carbonate of lanthanum, and now it is regarded as a 
hydrated carbonate of lanthanum and didymiura. The 
crystals are thin tables with bevelled edges, and belong to 
the trimetric system. Their coloux \w\^^^tQtSL ^<^Nf\^ 
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white to faint pink, anil their luotre is dull or pearly. 
The mineral is also found in earthy or Andy granular 
maueR. It forms a coaling on ccrite at fiastnlls, iu 
Sweden ; is asaoctated with calamine at Bethlehem, in Penn- 
nylvania; with magnetite and allanito at Moriah, Essex 
CO., North America ; and with zinc ores in the Silurian 
limestone of tha Saucon valley, Lehigh Co., Pennsylvania, 

LiBBiGiTB. (CaO. COa+UO. CJOa+10 HaO.) 

It IB found in transparent apple-green amorphona 
mauea, which break with a luetroiis fractare. Its hardness 
is from 2 to 2-6. It la nesociated with Medjidite near 
Adrianople, iu Turkey, and is also found at Johanngeor- 
geustadt, and in the Joachimathal. A similar mineral, 
hut contniniog less water, forma acnly incrustations on 
pitchblende at the Elias mine, Joachimsthal ; and a 
third {Yoglite) occurs in the same locality, which contains 
a amall proportion of copper. Uranocalcile diffora from 
Liebigito in its proportion of water, 

ZiNO Bloom, (m ZnO. COa+n ZnO. HaO.) 

The reeulta obtained by different observers of the 
composition of this mineral have varied considerably, but 
they nil conform to the general formula given above, 
which indicates that it is composed of variable proportions 
of carbonate and hydrated oxide of zinc. It occurs native 
in earthy and concretionary masses, which have a dull 
white or yellowish colour, a ap. gr. of 3-6 (40,1-10), and a 
hardness of 2 to 2'5. Ita principal localities are at the 
mines of Bleiberg, in Oarinlhia, and of Snzka, in Hungary. 

Emeuald-Nickel. 

A hydro carbonate of nickel whioli occurs in emerold- 

green botryoidal incrustations on chrome-iron ore at 

Teitaa, in Lancaster co., Pennsylvania, and at Swinaness, 

in Unat, Shetland. It has aVvlteoiift \\iaUe,«. Vaxdi^eu 

o/ 3to S-25, and a sp. gr. of %'% (^^^.OCiV K ftw«a« 
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mineral (Jiydro-nichelmagnesite) is found in the same 
localities which contains magnesium as well as nickel. 

Agnesite. {Sijn, Bismutite.) 

This is prohably a hydrocarbon ate of bismuth. It 
occurs in amorphous or semicrystalline incrustations of a 
yellowish or greenish colour at Heischberg in Voigtland, 
and at Schneeberg in Saxony. 

Hydromagnesite. (m MgO. C02+n MgO. 2 H2O.) 

This is the same substance as the magneiia alba of the 
pharmaceutist, and the hydrocarbonate of magnesia of the 
chemist. It generally occurs native in earthy incrusta- 
tions or nodular masses of a white colour, of a hardness of 
1*5, and of a sp. gr. of 2 (22,356). The crystals, which 
are rare in the native state, are minute elongated pris- 
matic needles, which are, according to Dana, derivable 
from a rhombic prism of 88° ; they have a vitreous or 
silky lustre, a hardness of 3'o, and a sp. gr. of 2*14: 
(23,920) to 2-18 (24,368). Hydromagnesite is infusible 
before the blowpipe, and after it has been calcined 
behaves like common magnesia. It is found in serpen- 
tine, a rock composed mainly of silicate of magnesia, at 
Kumi, in the island of Negropont; at Hrubschitz, in 
Moravia; at Hoboken, in New Jersey; at Texas, in 
Lancaster co., Pennsylvania ; and at Baldissero, in 
Piedmont. Lancasterite, Predazzite, Pencatite, and Hyd/ro- 
dolomite are varieties of this species. The first-men- 
tioned has a considerable quantity of brucite mi^ed with 
it, and ought perhaps rather to be considered to be an 
altered brucite. 

AURIOHALOITE. 

A native hydrocarbonate of copper and zinc, met with 
in transparent, verdigris-green, ncicular crystals at Lok- 
tewsk, on the Altai Mountains. WYieu t^^xs.^^^ V5 ^^ 
blowpipe it yields an alloy of copper atvSi ivwi \^'«.^\s^3^'w^ 
gold in colour. 
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CuESBYLiTE. (3 CusO, aCOa+UgO, or Ox. Oop.=69-22 ; 

Carb. Acid = 25-6^ ; and Water 5-22, Syii. Aaurite ; 

Lnsurite ; Blue Oopjier Ore ; Blue Carbonate of Copper ; 

Bbie Maliichite.) 

Tbia miLy bo considered as a hydrocarbon ate of copper. 
Its cryEtals belong to tlie monoclinic eyatem, and are 
derivable from an oblique rbombic prism, wboae faces are 
inclined towards encb otlier at au angle of 99° 32', and 
towards llie base at an angle of 91° 48'. The cleavage is 
distinct parallel to the lateral faces of this prism. The 
native crystals are usually abort, or even tabular, prisms, 
in wbicii the faces corresponding to those of tlie primary 
form are striated, while the eeeondary faces arc at once 
recognised by their higher polish and lustre. It is also 
found in maases, which have a lamellar, acicular, fibrous, 
pisolitic, compact, or earthy structure. The colourvariea 
from azure blue (which is aiwaya the colour of the powder) 
to indigo blue ; the fracture is conchoidal, the luBtre 
vitreous, the hardness 3-5 to 4'25, and the sp. gr. 35 
(39,023) to 3-8 (42,376). 

It is generally associated with malachite, and ia often 
found niore or less converted into that mineral. It aome- 
tinies occurs in veins containing various copper ores, and 
BOmetimea in lumps and groups of cryatals, in strata cor- 
responding in age to the new rod sandstone of England, 
as, for instance, at Chessy, near Lyons, from whence 
some of the finest crystals have been obtained. There 
are many other localities, but the more important are 
Wheal Bailer, near Redruth, in Cornwall ; Alston Moor ; 
Moldavia, in the Bnnuat ; Nischna Tagilsk, in the Ural 
Mountains ; near Nicolaief and Kolywan, in Siberia ; and 
in several parte of the United Stales and Australia. 

Malachitr. (SGaaO.COs+HaO, or Oxide of Copper 
= 72; Carbonic Acid = 20; and Water = 8. <Syn- 
Green Carbonate of Copper ; Mountain Green ; AtUi 
Ore ; Atlasite.) 
Malachite forma cryetals belonging to the monoclinic 

■jTBtem, and derivable from an obliqae rhombic priem, with 
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the principal or lateral faces inclined towards each other 
at an angle of 103° 42^, and towards the base at an angle 
of 111® 48'. The crystals are comparatively rare in 
nature, and are generally tabular prisms; it is more 
often in the forms of cuprite and tetrahedrite, and most 
oommon in masses having a fibrous, botryoidal, renifonn, 
compact, or earthy structure. The ^concretionary nodules 
vary in size from less than a quarter of an inch to one or two 
feet in diameter, and when broken they exhibit concen- 
tric bands of various shades following the curves of the 
surface, which is usually smooth. The colour variee 
from emerald to grass green, which is generally suffi- 
ciently deep to render the mineral opaque except in thin 
slices. The hardness is 3*5 to 4, and the sp. gr. 3*7 
(41,258) to 4 (44,712). As it takes a high polish, and 
its concentric rings of dark and light green have a 
pleasing effect, it is much employed as a material for 
tables, vases, snuflF boxes, and other objects. The finest 
specimens of the fibrous variety are obtained from the 
mines at Nischne Tagilsk and Goumeschefski, Siberia; 
it is also found in many of the copper mines of Saxony, 
Hungary, and Bohemia ; at Chessy, in France ; at 
Sandlodge, in Shetland ; and at Burra Burra mines, in 
Australia. Other varieties have been found in Cumber- 
land, Cornwall, the Tyrol, West Africa, and North America. 
Myiorin is probably an impure malachite, or it may be 
an anhydrous malachite. It is found at Mysore, in India. 

Phosgenitb. (2 PbClg. PbCOg. Syn, Kerasine ; 

Corneous Lead.) 

This is probably the chlorocarbonate of lead, formed by 
the combination of the chloride with the carbonate of lead. 
The native crystals are rare, and are sometimes in the 
form of quadratic prisms, and sometimes in that of acute 
pyramids with a square base. The colour is yellowish or 
greenish white ; the fracture conchoidal, the hardness 
2-6 to 3, and the sp. gr. 6*1 (68,185). It has been found 
at Cromford, near Matlock, Derbyshire, associated with 
the carbonate and the sulphate of U«A \ vci «w\^^^ xcixs^!^ 
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near Elgin, Scotland ; at Taraowitz, Silesia ; Baden- 
weiler, Baden ; and Southampton, Massachusetts. It 
is occasionally paeudomorphoua after eerneite, or the 
carbonate of lead. 

PAHrsiTE. (Si/n. Mussite; Mussouite.) 
The formula for this mineral is eseeedingly compli- 
cated. It ia composed of the carbonates of cerium, 
lanthanum, and didymium, and of the fluorides of 
oerimn and calcium. Its crystals are regular double 
hexagonal pyramids, having a basal angle of 164° 58', 
a pyramidal angle of 120° 34', and a distinct basal 
cleavage. The colour ia brownish yellow ia the mass, 
and yellowish white in tlie powder ; the lustre is vitre- 
ous, except on the horizontal or cleavage faces, where it 
is somewhat pearly ; the hardness is 4-5 ; and the sp. 
gr. 4-33 (48, G14). It is infufiible by the blowpipe, 
Hydrochloric acid dissolves it slowly with effervescence. 
It is found in the emerald mines of the Muso valley. 
New Granada. 

TeiNOLITB. 

This ia a variety of calcareous tufa, differing from 
ordinary calcareous tufa in being crystalline, a circum- 
stance due to its being a pseudomorph after gay-lussite. 
It oecuis in great abundance in the deposits of the vast 
lakes which once existed in the more arid regions of 
the United States. 

Gat-Lussitb. 
Tiiis compound ia now forming beautiful cryetala in 
the salt water of the Eagtown Ponds, near Carson, 
which represent the last dying-out remnants of fresh- 
water laies of immense extent which once occupied 
this region. Wliea fiiese large lakes, named Lahontan, 
Bonaerille, &o., had reached a certain stage of concen- 
tration, they deposited extensive layers of gay-lussite 
crystals, which have since lost their soda, and become 
converted into carlmaate of lime. J?H 



SILICATES : WILLEMITE. 221 

8phjsrooobaltite. 

The formula is probably C0CO3, or carbonate of 
cobalt. It occurs in spheroidal forms in roselite at 
Schneeberg, Saxony. The spheroids are coarsely ra- 
diatedy and their surfaces are made up of minute rhom- 
bohedral crystals of a peach-red colour. The hardness 
is 4, and the sp. gr. 4 to 4*1. It blackens in the matrass 
before the blowpipe, and dissolves in warm hydrochloric 
acid with effervescence. 

HoviTE. 

The bicarbonate of lime is only known in a state of 
solution, but some mineralogists are of opinion that it 
may be present in a hydrated form in a mineral which 
fills fissures in an old chalk quarry at Hove, near 
Brighton, where it is mixed with collyrite, one of the 
hydrated silicates of alumina, and the presence of which 
favours the stability of the bicarbonate. 



CHAPTER VIII. 
SILICATES. 
Group I. — Silicates which do not contain Alumina 

AS AN ESSENTIAL ELEMENT. 

WiLLEMiTE. (2 ZnO. SiO,, or Oxide of Zinc= 72*98 ; 
Silica = 27-02. S^n. Troostite.) 

The crystals are very minute, and have the form of 
regular hexagonal prisms terminated by obtuse rbombo- 
hedral summits. It is fused with difficulty by the blow- 
pipe, and is sohible in hydrochloric acid, with separation 
of gelatinous silica. The colour is yellowish or brownish 
red, the hardness 5*5, and the sp. gr. 3*9 (43,594) to 4*2 
(46,947). It occurs abundantly at Moresnet, as also, 
though not abundantly, at Stolberg, near Aix-la-Chapelle ; 
at Kachel, in Carinthia ; and ivt «c i^^ \c>^^\^\^^ y^ hV^ 
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United Stales. TroottiU is a Tariety containing ! 
neae, and Maneinite ia probably a variety, 

Phenakitb. (2GiO.SiO,, orGIiicina=i6-04; Silica 
53-96.) 
There ia Bome doabt rb to the atomic weight of gluci- 
niim, and hence some uncertainty ae to the correct formulse 
for ilscompotmdB. Ita eryatnlB belong to tlie rhombohe- 
dral syGtem, and arc more or kaa modiiied from a rhom- 
bohedron with an angle of 116° 36'. It is nearly always 
crystalline, the predominant form being a regnlar hexa- 
gonal prism terminated by pyramidal snmmits, a form 
also presented by quartz ; it further resembles quartz in 
the way in which the crystals are grouped together, in its 
fracture, and, indeed, in ao many of its externa] characters, 
that it waa formerly mistaken for hyaline quartz. The 
crystals are transparent and colourlesa, or wine yellow 
inclining to n pale rosy tint. The liardnesa ia TS to 8, 
index of refraction 1'65, and the ap. gr. 2'9S. It is 
infusible before the blowpipe, but when heated along 
with the phosphorus salt it slowly dissolves, leaving a 
skeleton of ailica ; and wlien heated with a little carbonate 
of Boda, it mcItA into a milk-white globnle. Acids have 
no eifect upon it. It is associafed with the emerald at 
Takowfljn, in the Ural Mouutaiaa ; with topaz and a 
green felspar near Miask, in Russia; and with qunitz at 
Framont, in Alsace. 

Olivine. (2Mg iFe.O. SiOa- Si/>i. Chrysolite; fl 
Peridote.) ^ 

It oeciira in transparent crystals, to which the term 
Chryiotite is usually restricted, and in small grains in 
lava, basalt, and meteorites. The crystola belong to the 
trimetric system, and are modifications of a reetangnlar 
priam, with a tolerably easy basal cleavage. The colour 
ia a pale yellowish green in the larger cryBtals, and olive 
green in the amaller ones, and in the granulea found i^_ 
basaltic rocks. Some of the varieties containing iron l|fl 
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brown or even black, and become yellowish or reddish 
by weathering. The fracture is conchoidal, the lustre 
vitreous, the hardness 7, the sp. ht. '187, and the sp. gr. 
3*5 (39,023). The pure magnesian varieties are infusible 
by the blowpipe, but those containing iron are fusible. 
All the varieties are decomposed by hydrochloric and 
sulphuric acids. The ferriferous varieties are readily 
altered by air and water. It is usually met with in 
basaltic rocks, but has also been found in the talcose 
schists of Mount Itkul, near Katharinenburg ; in the 
mica slate at Tissersk, in the Ural ; in Upper Egypt ; in 
Brazil; and probably the fine chrysolites which are 
brought from Constantinople were originally obtained 
In Eastern Asia. 

There are numerous varieties : the commonest is olivine 
proper, which forms granular lumps and masses in basalts 
and lavas ; by its alteration it gives rise to the varieties 
called Linibilite and Chusite. Hyaloiiderite is a variety con* 
taining 30 per cent, of oxide of iron ; Boltonite is a nearly 
pure magnesian chrysolite ; Forsterite contains a small pro- 
portion of silicate of lime ; MorUiceUite contains a larger 
proportion of the same silicate ; and in BatrackUe there 
are about equal proportions of the silicates of magnesia 
and nme. Euly%ite contains nearly 9 per cent, of the 
protoxide of manganese. Villarsite is probably only an 
altered variety. 



Fayalite. (2 FeO. SiO,.) 

An iron chrysolite found in trimetric crystals in peg- 
matite (a granitic rock) on the Mourne Mountains, Ire- 
land, and in the volcanic rocks of Fayal, one of the 
Azores. It is of an iron-black or greenish colour ; the 
hardness is 6*5, and the sp. gr. 4:'! (45,829). It readily 
fuses into a magnetic globule, and is partially soluble in 
adds. Crystals having the form of chrysolite and the 
composition of fayalite are sometimes found in furnace 
slags. 
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Aedelporbitb. (i; CoO. S SiO,. Syn. Edelforsite.) 

A silicate of lime which uceurs in niaBsivc, fibrous, or 
feathery inaaaes; the colour ie white or greyish ; the lustre 
is vitreous, somewhat inclined to pearly or silky; the 
hBrdneBS is 5-5, and the sp. gr. 2-68 (28,839). It forms 
n denr glass whnn fused with the blowpipe, and gelatinieee 
with acids. It is found in aaccharoidal limestone at 
Aedelforss, in Sweden ; at Gjelleback, in Norway ; and at 
Cziklows, iu the Bannat. This name ia also sometimes 
applied to a red seolite uBunlly called Reliile. 

HoinTB. {Si/n. Bnicite ; Maolureite ; Ohondrodite ; 
Hemiprismatie Chrysolite.) 

No formula can be given, since the minerals which con- 
Btitute the apeaiea appear to be composed of variable 
proportions of two compounds. According to Ramraels- 
berg, these compounds may be represented by the two 
formuloe : — 

Mg Si, F„ or 8 MgF, 3 SiF^ = A. 
Mg„ Si, 0„ or 8 MgO 3 SiO, = B. 
According to the proportions in which these are mingled 
they give rise to types or varieties marked by certain dia- 
tingoishing characters. Thus, in ordinary chondrodita 
(Fig. 1, Pi. II.) the proportion is A + 12 B ; in a second 
variety A + 18 B ; in a third, A + 27 B ; and in a foDrth, 
A + 36 B. 

All the crystals have three unequal axes, but the ratio 
of the axes is difforent in each variety, in eonsequenoo 
of the modified fonna being derived irom the primary 
form aoooriing to a different law. The ratios of tlie 
axes are as follows : — 

MBCfoiUiwDiial. Brachrdiagonal. Primiiiie mis. 
Zndvar, I^IB ; i : i-08 

ardvar. 1-S7 I r 108 

4th var. 1-41 1 1-08 

Each variety has a different colour and sp. gr. ; thoi 
the second variety is white or pale yellow, and has a sp, 
gr. of 3-22 (35,893) ; the third variety is yellow, and bu 
' -« ^P- gr. of 3-1 9 (35,557) ; \vlii\e lUe ^owftv 'ia >sto-bt>., •a4 
/'.i8 a ap. gr. of 3-18 (36,44ft). 
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The hardness varies from 6 to 6*5. All agree in being 
ftisible with difficulty at the edges by the blowpipe ; in 
giving the reaction of fluorine when heated with sulphuric 
acid; in generally occurring in crystalline grains or 
granular masses ; in dissolving in hydrochloric acid, with 
separation of gelatinous silica ; in occurring in granular 
limestone ; and in being associated with a greenish uniaxial 
mica. The first variety is found in Norway, Finland, and 
the United States. The others occur in the same coun- 
tries, and also at Vesuvius. 

Melinophane. 

It resembles Lencophanein composition, but is generally 
separated from it, in consequence of its somewhat different 
physical characters. It occurs in crystals, and in masses 
having a laminar structure ; it has an easy cleavage in one 
direction only. Its colour is sulphur or citron yellow ; 
its lustre vitreous ; its hardness 5 ; and its sp. gr. 3'0 
(33,434). It is not phosphorescent. It is found in the 
fsircon syenite of Norway. Richter's analysis of it gave 
44*8 per cent, silica, 2*2 glucina, 12*4 alumina, 1*4 man- 
ganic oxide, 1*1 ferric oxide, 31*5 lime, 0*2 magnesia, 2*6 
fioda, 2'3 fluorine, and 0*3 nickel oxide, zirconia, eerie 
oxide, and yttria. 

Leuoophane. 

It is a silicate of glucina and lime, and is usually found 
in columnar masses, but a few crystals have been dis- 
covered. They probably belong to the trimetric system. 
According to Des Cloizeaux, they are right rhombic 
prisms with an angle of 91®, and with imperfect cleavages 
in three directions, the most distinct being parallel to the 
base. It is transparent and colourless in thin slices, but 
pale or greenish yellow in the mass. The hardness varies 
from 3-6 to 4; and the sp. gr. from 2*97 (33,198) 
to 3 (33,534). It is optically biaxial, phosphorescent 
when struck, and electrically polariaed 'wV^xi V^^^fc^. "Vv. 
faseB before the blowpipe into a vio\et-^o\ovrt^^ \i^^^^ «^ 
wbea heated with phosphorua aalt gvv^ft V>aa "t^^R?C\«ti»k ^^^ 
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fluorine. It ia found in the zircon ayeniie on tbe island of 
Lamoe, at the month of the Lnnge Blind fjord, in Norway, 
where it is sBBOciated with elaolite, albite, and yttro- 
lantoUte. 

Gadolinitb. (Si/n. Ytlerbyte.) 
A mmerni whose chemical compoaition find cryetallo- 
grnphicnl form do not appear to have been accurately 
determined. It may be regarded probably as a silicate of 
y ttria (3 YO. SiO,}, naually mixed with other silicatee. It 
ia generally amorphona, and the few eryBtnlB hitherto fonnd 
have in roost cases been distorted. Apparently they are 
derivable ftmn. an oblique rhombic prism whose vertical 
faces are inclined towards each other at an angle of about 
115°. The amorphous masaes resemble obsidiau in 
having a black colour, a vitreous lustre, and a conchoidnl 
fracture. The colour of thin plates by transmitted light 
is bottle-green, and the powder is greyish green. The 
hardness varies from C to 6'5, and the ap. gr. from 4 
(4i,712) to 4-35 (48,614). When heated by the blow- 
pipe it fuses on the edges, but the bulk of the mass 
suddenly becomes incandescent, the density somewhat 
greater, and the colour lighter. Before calcination it ia 
soluble in hydrochloric acid, with separation of gela- 
tinous silica ; but nfter calcination it is insoluble in this 
neid. lis optical properties are variable ; and according 
to Dee CIoiMaux, tho various specimens of gadolinite may 
he arranged in three groups, each group having its own 
peculiar optical properties, The three groups he would 
refer (o two distinct species. Gadolinite is found in 
granites and pegmatites at various localities in Norway 
and Sweden ; amongst olhers, Finho, Ytterby, and 
Hitteroe. 

Ekstatite. (Mg SiO„, or Silica = S9-71 ; Magnesia = 

40-29.) 

A silicate of magnesia which was formerly confounded 

with scflf olite, but is at once diatinguished from it by its 

j'nfusibility hy the blowpipe. It ia lAao e.B»&at\D&^ S\wC\wa 

from I'^railolite, whicli is a h^dtatei tWvca'i.e o^ ma.^.'^tsvi. 
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6nd an alteration product of augite. Enstatite is anhydroat 
when pure. Its colour varies from greyish white to 
slightly greenish or yellowish. Its crystals are derived 
from a rhomhic prism in which the angles are 93^ and 
87^. It cleaves most easily along planes parallel to the 
prism of 93° ; while other cleavages occur parallel to the 
diagonal section of the same prism. The hardness is 5'(>« 
and the sp. gr. 3*12 (34,775). When pure, it is colour- 
less and free from iron as in the variety called Ftctorite, 
found in the meteoric iron of Deesa. When protoxide of 
iron replaces a portion of the magnesia, the tints become 
greenish and brown, and as the proportion increases we 
pass on to specimens with a bronzy lustre. These form 
the variety Bronzite, which in the typical specimens con- 
tains 40 per cent, of magnesia, and 10 per cent, of protoxide 
of iron, with a sp. gr. of 3*2, or somewhat greater than 
that of enstatite. Enstatite is found crystallized in the 
serpentine of Mount Zdjar, near Aloysthal, in Moravia, 
where it is associated with pseudophite ; and at Mount 
Bezouars, in the Vosges. 



Hypersthene. (Mg : Fe. SiOg. S^n, Paulito ; Labra- 
dor Hornblende.) 

It is a silicate of iron and magnesia, intermediate 
between enstatite and griinerite. These three minerals 
are more or less connected by varieties which tend towards 
pure silicate of lime on the one hand, and pure silicate 
of iron on the other. It forms the essential ingredient of 
the rock called hyper&ihenite^ in which it occurs in flaky 
masses, having a greenish -black or black colour, a vitreous 
or pearly lustre, and a copper-coloured reflection or iri- 
descence on the planes of easiest cleavage. This iridescence 
is attributed to the presence of microscopic plates of 
titaniferous iron. The masses of hypersthene cleave into 
rhombic prisms with an angle of 93° 30', and therefore 
isomorphous with the primary form of enstatite. The 
hardness is 6, and the sp. gr. is S'^i^^O^^^b"^. ^V^\v\x^^^^ 
hy the blowpipe, it yields a black e\i«jxi^ '^Vv^ \^ ^^- 
qnently magnetic. It is found in t\i^ \A«v\^ ^l '^'^^^ ^^^ 
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on the coast of Labrador ; in Canada ; in the United Statf^s; 
in the Isle of Sbje ; at Hitteroe, in Norway ; at Penig, 
ia Bazonj ; and in the Breitenliach meteorite. 

Anthophyllile ehould, perhaps, be coneidereil a yarlety 
of bypersthene, rftllier than a species diatiact from it, 
and would include the Bpecitnena in which the magne- 
Bium predominates over tiie iron. It occnrs ia masse:: 
having a fibrous stmctare, and cleavahle in rhombiu 
prisms of 125". Its optical characters seem to iadicate 
that the primary prism has aa angle approaching a right 
angle, similar to that of bypersthene. The colour is 
greyish brown ; the lustre Buhmetallic ; the harduesa 5'5 ; 
and the ep. gr. 3*2. It ia found in mica echiet at Kongs- 
berg, Norway; Helaingfora, Finland; Cummington, 
Massachusetts ; Perth, in Canada ; and Tkertoat, in 
Greenland. Gedrite woald include the specimens in 
which the iron predominated over the magnesinm. 

DiopsiDB. (Ca : Mg BiO, or Ca : MgO. 8iO,.) 
This is a lime-magnesia augite, which is transparent 
and colourless when pure, as in the case of the variety 
called alaltte, from Ala, in Piedmont, Generally, how- 
over,it is coloured by the protoxides of iron and manganese. 
The crystals are doubly refractive, and the coloured ones 
uBually exhibit decided dichroiam. The faces of the pri- ■ 
mary prism are inclined towards each other at an angle of 
87° 6', and the most distinct cleavages are parallel to these 
faces. The crystals are freqnently distorted or elongated, 
are often striated in a longitudinal direction, and Bome- 
times exhibit a scaly or fibrouB structure in their interior. 
This latter appearance is very similar to that of the asbes- 
tiform tremolite. One of the forms of diopside 
is shown in Fig. 45. The colour, when pre- 
sent, is generally light green, hut varies from 
yellowish white to greenish grey and light 
grey. The lustre is vitreous on the natural 
faces of the crystal, but pearly on those pro- 
duced by cleavage. The hardness is 5'5, the 
ap. ht. -186, and the sp. gr. 3-2 (:15,667) or 3-3 (3S,T 
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Diopside is ftisible before the blowpipe into a coloarlesa, 
or almost colourless, glass, and is insoluble in acids. There 
are several varieties distinguishable by slight differences of 
colour and texture ; thus, white Coccolite occurs in sac- 
charoidal limestone in numerous European and American 
localities, in grains compressed together, and associated 
with calcspar and scapolite. Mussite forms translncid or 
opaque greenish prismatic crystals in serpentine at Mussa, 
in Piedmont ; Traverselliie forms large dark green prisms, 
longitudinally striated, near Traversella, Piedmont ; and 
the asbesttform diopside derives its name from the loosely- 
aggregated parallel fibres of which it consists. This last 
variety is frequently called asbestos, a name which should, 
however, be restricted to the corresponding asbestiform 
variety amongst the hornblendes. 

There is also a group of minerals which may be con- 
veniently mentioned here. They resemble diopside in 
chemical constitution, crystalline form, and in most of their 
physical properties, but generally they contain a consider- 
able proportion of ferrous oxide, which replaces a corre- 
sponding proportion of the lime and magnesia. The light 
green Sahlite is perhaps the type of this group, which also 
includes the green Mdlacolite of Arendal, in Norway ; the 
olive-green Baikalite of Lake Baikal, in Siberia; the 
yellowish-green Fassaite of the Fassathal; the sombre 
green Pyrgomme and Protceite of Mount Monzoni, in Tyrol; 
the grass-green Omphazite of Bayreuth ; the emerald-green 
Sahlite of Willsborough, in the United States ; the dark 
green, or almost black, Hedenhergite of Tunaberg, in 
Sweden ; and a few others. The omphazite is always 
associated with garnet, and with it forms the rock called 
eMogite ; it is sometimes considered to be a variety of 
diallage, Hedenhergite is also ranked as a variety of 
griinerite, 

Diallage. 

This species, if it can be considered a species, has not 
been very accurately defined, the difficulty being its gra- 
dual merging into allied mineTala. T\v^ \.wbi\^ ^^swst^S^ 
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applied to certain greyish -green cryatala and lamina;, 
which contain about equal proportiuua of lime snd 
magoesin coinbiucd with silica ; by an iucreaBe in. tlie ]>ro- 
portion oflime it pasaea iiito diopaide ; and by an incccaee 
in the magneBia it paasca into diadaiite, which is probably 
only a partially decomposed Lypersthene. Diallage is also 
richer in protoxide of iron than diopside. It forma small 
lamioe sometimeH in jade, and sometimes in serpentine. 
Id the Drat case, which is most frequent, it becomes an 
csaential ingredient of diallage rock and enphotide. 

Grijnertte. (Fe SiOj.) 

This is a nearly pure iron augite, found at Collobriurea, 

in the department of the Aiule, France. It is of a 

greyish colour, ashestiform, and with a up. gr. of 3-7 

(47,258). 

AuGiTE, or Basaltic Aogite. 

This is a silicate of hnic, magnesia, and iron, and ia 
usually of a dark green or black colour. It Eometimea 
contains alumina, which in some apecimena amouata to 12 
per cent. It contains more iron than moat of 
the other nugitea, and hence ita colour ia also 
darker. It forma short and well-defined crystals ,"" 
(Fig. 4G) iu such rocks as basalt, dolerite, black 
porphyry, or melapliyre, and also in many lavas. ^ 
Many of these rocks are largely composed of 
augite in a non -crystalline state. For example, ^' **■ 
dolerite ia a mixture of labradorite and angite, in which 
llie proportion of the latter may vary from 10 to 40 or 
50 per cent. It also enters largely into leucite rock and 
liierzolite. In some dioritea, such aa those of tlie Ural 
Mountains, the augite crystals are more or lets altered into 
hornblende ; these have been named Uralile. Pilkarandile 
ia another variety of a similar ckaractei'. 

There are several other minerals which might be re- 
ferred to the augite family, such aa Breidakile, Seladom'te, 
jEgi/riii, Tiolan, and Achmite ; but it does not sees^ 
necessary to dnell upon them here. ^H 
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The minerals which follow after godolinite form a 
group known as the augite group, whose species are 
closely connected together. This relationship, according 
to Hose, consists in all the species being completely 
isomorphous amongst themselves, and at the same time 
isomorphous with the corresponding species of the horn- 
blende group as regards their crystalline structure, but 
not so as regards their chemical composition. Later 
chemists, however, have concurred with Rammelsberg in 
believing that all the species of both groups may be ex- 
pressed by the same general formula, and consequently 
that they possess both chemical and crystallographical 
isomorphism. Whether Rammelsberg's hypothesis be 
correct or not, the remarkable differences presented by 
the species of the two groups render it most convenient 
at present to keep them separate in our descriptions. The 
augites are chemically regarded as metasilicates ; that is, 
silicates capable of being reduced to the general formula 
D SiOg, in which D stands for one atom of a diatomic 
metal (or two atoms of a monatomic metal), generally lime 
or magnesia, and less frequently the protoxides of iron 
and manganese, which may replace the former in every 
proportion. This is the normal composition ; but there 
are species which contain a larger proportion of silica than 
indicated in the formula, and also a considerable proportion 
of sesquioxides, such as alumina and peroxide of iron. 
The presence of these ingredients appears inconsistent 
with the view propounded by Rammelsberg, and some 
chemists have endeavoured to meet the difficulty by sup- 
posing that alumina may be isomorphous with, and may 
consequently take the place of, the silica. M. Charles 
Deville, on the other hand, suggests that such species 
may be mixtures of a normal augite with an aluminate. 

The augites are distinguished from the hornblendes by 
the cleavage planes being parallel to the vertical faces of 
the primary prisms, and consequently at an angle of about 
87° ; by fusing at a higher temperature ; by their vitreous 
appearance; and by their less brilliant lustre. The cleavages 
are less perfect in augite than in liOi\i\>Uw^^« kzc^v^t'^^^ 



I 



332 TliEMOLITB. 

distinctive point is that the aiigites cleave In a direction 
pnrallel to their base, whereas the hornhleudee do nol. 
This character ia not a convenient oae, since many aiigiiea 
and hornblendes which are composed of thin laminar 
crystals appear to cleave in this direction; but in snoli 
cases the planes are planes of separation, not pknea of 
cleavage. There is also a difference in the mode of 
crystalline development ; for, although theoretically it is 
true that all the forma of ctystala yet met with in augites 
and hornblendee may be derived, according to certain 
definite cry stallo graphical Uwa, from the same primary 
form, yet practically the actual crystalline forms of augites 
have not been met with amongst the hornblendes. The 
optical propertiea of the crystals of the two groups are 
strikingly different, as also is their strati graphical distri- 
bution ; for, generally speaking, the hornblendes are foand 
in the plutonic rocks, and the augites in those of volcanic 
origin. There are rooks in which minerals belonging to 
both groups have been met with. 

The hornblende group resembles the augite group in 
having hght and dark varieties; the white varieties con- 
sist of silicates of lime and magnesia, with scarcely a. trace 
of iron ; but both the light and dark-coloured hornblendes 
contain leas lime than augites of the same colour. The 
crystals obtained by cleavage are oblique rhombic prisms 
with an angle of about 125°. 

Tkemolitb. (Ca : Mg SiOg. Sj/n. G-rammatita.) 
This ia a Ume-magnesia hornblende, corresponding with 
diopside nmongnt the augites. The pure crystals are 
white, but the impure ones are yellowish, or greenish 
grey, owing to the presence of protoxide of iron. When 
the quantity exceeds 3 or 4 per cent., the colour is aspa- 
ragus green, as in the variety called Calamiiej when the 
quantity is still greater, the mineral belongs to actiuolite. 
They are doubly refractive. They nsually occur as long 
slender needles abruptly terminated, as though fractured; 
but sometimes the mineral forms radiated masses of a 
siJ^ aspect. The lustre is vitreous, approacliiDg to 
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pearly ; the hardness is 5'B ; and the sp. gr. 2*9 (33,016). 
It 18 readily fusible by the blowpipe into a colourless 
glass, and is insoluble in acids. There are several varieties 
of tremolite. Thus, the substance known as athettos and 
amianth is in most cases tremolite containing a little water. 
It generally occurs in fine fibres, which may be isolated 
or packed closely together with their principal axes 
partJlel. It has a silky lustre, and is sufficiently tough 
and flexible to be woven into a kind of cloth, capable 
of resisting intense heat without burning or fusing. It 
was known to the Komans, who used it for covering 
bodies burnt in the funeral pile in order to keep their 
ashes distinct. It is, or has been, employed for many 
purposes, such as wicks for lamps, fire-proof gloves and 
napkins, linings for safes, &c. Mountain leather is a similar 
mineral, but the fibres are finer, closer, and intermixed. 
Mountain cork is a spongy, elastic asbestos, with the fibres 
interlaced together. Mountain wood is like the last, 
but denser, far less elastic, and capable of taking a high 
polish : sections of it somewhat resemble silicified wood. 
These varieties commonly occur as threads and in drusy 
cavities in the crystalline rocks, such as granular lime- 
Btones, serpentines, and euphotides. They are usually 
associated with quartz, axinite, adularia, epidote, albite, 
and are found in the Swiss Alps, the Pyrenees, Green- 
land, the United States, Sweden, Silesia, New South 
Wales, and many other countries. Fine specimens of 
mountain wood have been brought from Sterzing in the 
Tyrol, and a few localities in Savoy and Piedmont. 

Nephrite^ or oriental yac7e, is a compact variety much 
used by the Chinese as a figure stone. The colour is 
sometimes light green, as in ih^ white jade ; and olive 
green, as in the green jade. It has an uneven, fine- 
grained fracture, like that of some specimens of petro- 
silex, and a greasy lustre like that of some serpentines. 
Its toughness is considerable, a property which has pro- 
bably had much influence in causing it to be used as a 
war implement. The war hatchets, or poenamu of the 
New Zealanders, and the Amazon stone o^ tJx^ ^^^>^^ 
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Americans, are eimply nepbrite. It liaa been iately found 
in con Hide rable qunntUy iu the valleys of the Karakasli 
and Amur, as also in several other Idealities of Central 
Asia. Kolaharouiile also aeema to be a variety. 

Treraolile is found at a mnltitude of places, but nearly 
always in Ihe older dolomites and saccharoidal lime- 
etones. 

AcTiKOLiTE. (Mg:Ca;Fe SiOj. %h. Actinote; 
Strablstein,) 

Under this name are ineluded all the lime-iron-magneBiii 
liornblendcs containing little or no alumina. They crys- 
tallise ia Blonder acicnlnr prisms of a greeniah colour, more 
or less tinged with yellow, brown, and blsek. They nre 
commonly found ia the talcose and micaceons rocks at 
St, Gotbard, at Greiner in the Tyrol, at Ehrenfriedersdorf 
in Sairony, at Arendal iu Norway, and other places. Ac- 
tinolite is sometimes intimately associated with, various 
Bulphides, such as copper pyrites, iron pyrites, and 
galena. Near Griindatadtel, in Saxony, it has beeu 
found in small dykes in limestone along with chlorite, 
blende, malachite, copper pyrites, Ac. It ia associated 
with asbestos, quarta, cat's-eye, asinite, and thulite in 
serpentine. Amongst its varieties are included the darker 
specimens of Oalamite and Bynolite, which occur in 
green or brown capillary needles in Dauphiny, Savoy, 
Switzerland, and Tyrol. RaphiUle is an asbesdfog^ 
variety from Lanark, in Canada. ^^^ 

HoBKSLE!IDE. ^1 

Common hornblende embraces the various lirae-iron- 
magnesian varieties whish contain alumina, and gene- 
rally a larger proportion of protoxide of iron than in 
actinolite. Ita crystals are dark green, or even black, 
in colour, short and perfect in form, so that they corre- 
spond with the crystals of common augite. Its hardness 
ia SS, and its sp. gr. variea from & <.aa,ViVi \.o "iA t3>%,Wi5\. 
It is an important ingredient mmaiii- tQc\«i,™'jftitiV\\. 
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occurs in lamellar, globular, or fibrous masses. In some 
of the trachytes, basalts, and modern lavas, it is nearly 
always in isolated crystals; it enters largely into the 
composition of syenite, diorite, gneiss, and porphyry ; and 
it forms the great bulk of hornblende schist and hornblende 
rock. The character of the hornblende is not precisely 
the same in the different rocks. Thus, in trachyte it is 
black, and rarely blackish green ; the crystals are distinct, 
long, and even terminated at both extremities ; they have 
a strong lustre, and a well-developed lamellar structure. 
In granite it is dark green, and never black ; it presents 
a comparatively feeble lustre, and has the lamellar struc- 
ture but slightly developed. Amongst the varieties may 
be mentioned Fargasite, from the saccharoidal limestone 
of Pargas in Finland, and from Phipsburg and Parsons- 
field in Maine. Some mineralogists have regarded it as 
a distinct species, in consequence of some differences in 
its optical properties as compared with common horn- 
blende. Carmthine is a variety from the Saualpe in 
Carinthia, which contains a small proportion of soda and 
potash. 

Hornblende is alterable by nearly all infiltrating waters, 
and is frequently pseudomorphosed into talc, steatite, 
serpentine, chlorite, mica, limonite, and magnetite. 

Arfwedsonite. 

A soda-iron hornblende of a black colour in the mass, 
and green in the powder, of a lively lustre and with a 
cleavage of about 124°. It is easily fused, molting readily 
In a candle flame, and giving rise to a magnetic globule. 
It is not soluble either in acids or potash. It is found 
in a schist in Greenland associated with sodaiite, eudialite, 
and orthoclase ; in the zircon syenite of Norway, and in 
the magnetic iron deposits of Arendal. 

WoLLASTONiTB. (Ca SiO, or OaO. SiOg. Si/n. 

Table Spar.) 

It occura in white, vitreous, aotl, \aai^«^ \£!L%a»ft.'*'% 
which readily cleave into rhombic pT\«»ma VVOtv ««v v>x^^^' 
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of 9£^, and ^^itll peorly-luetrcd cleavage planee. In some 
■pecimenB the colour is yellowish or reddish. It has n 
hardness of 4-5, a sp. ht. of -178, and a sp. gr. of 2-8 
(31,298). It fuses before the blowpipe into a aemi- 
transpareEt glass, and is dissolved hy hydrochloric acid 
Tvith separation of gelatinous silica. It is fonnd in eeveral 
of the older crystalline roclta, as also in eome of the modern 
Tolcania lavas. The principal localities are Cziklowa and 
Oravitza, in Hungary ; Perheniemi, in Finland ; Capo di 
Bove, near Rome; and Mourne MonntainB, Ireland. 

Rhodolite. {Si/n. Manganese Spar ; Rose Manganese ; 
Pnisbergite.) 
This (H a silicate of manganese which is rarely fonnd 
in crystals, the nsnal form heing laminated or graniihr 
masBee which possess two cleavages inclined towards each 
other at an angle of 87° 38'. The hardness is 6'5, and 
the Bp. gr. 3'6 (40,140). In the reducing flame of the 
blowpipe it gives rise to a red glass, and in the oxidising 
Same to a black metallic globule. The pnreat varieties 
are obtained at Langbanshytta and Paisberg, near Philip- 
stadt, in Sweden ; at Frzibram, in Bohemia ; at St. Marcel, 
in Piedmont; and at Franklin, in New Jersey, America. 
The variety from Paisberg eometimeB contains lime, and 
has been called PaithergiU; that from Franklin containa 
oxide of iron and zinc, and has been called Fowlerite. 
The less pure varieties are ^/lodsiVe and allagHe, which 
contain a liltle carbonate of manganese ; hffdrophife, 
which contains water ; heUrocline, or marceline, which 
contains oxide of manganese, and, alihoagh mentioned 
here, seems rather to be a variety of Bravnite; Bvtiam- 
t'f, which contains lime ; and etratopeite. 

BiUINOTOHITK. 

A silicate of iron and lima wiiich occurs in triclinic 

prisms, having the base and the lateral faces inclined tX 

an angh of 92° 34'. Their general form and aspect con- 

Bi'derably resemble those of some "jtit\e\\ea o^ aQ^\te. "CV 

coJour IB dark greeniali Uact, t.\vc \uatv(i vKwtow*, >ii% 
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fracture imperfectly conchoidal, the hardness 5*5, and the 
sp. gr. 3*4 (38,005). With the blowpipe it fuses into a 
magnetic dark-coloured globule, and is slowlydecomposed 
by hydrochloric acid. It has been found near Tongue and 
Portsoy ; at Arendal, in Norway, where it is associated 
with albite, red orthoclase, and hornblende; at Gouver- 
neur, in New York State ; and at Athol, in Massachusetts. 

Apophyllite. (Si/n. Ichthyophthalmite, Fish-eye 

Stone.) 

A bydrated sih'cate of lime and potash. The formnlie 
assigned to it are very various and complicated ; but the 
theoretical composition, according to Bischof, is 52*43 per 
cent, of silica, 25*86 of lime, 5*36 of potash, and 16*35 of 
water. It is generally colourless and transparent, but is 
sometimes tinged with red, rose, green, or blue. The 
crystals are square prisms belonging to the dimetric 
system: they have a peculiar pearly lustre, which has 
obtained for them the name of fish-eye stcnie. Their 
hardness is about 4*5, and their sp. gr. 2*3 (25,699). 
When heated before the blowpipe it loses its transparency, 
exfoliates, froths up, and melts into a globule. It is 
soluble in hydrochloric acid, with separation of gelatinous 
silica. When partially decomposed, it becomes of an 
opaque white colour, and in this form has been called 
Albin, which is found in a phonolite at Marienberg, in 
Bohemia. Oxhaverite is a variety from Oxhaver, in Ice- 
land. The transparent crystals are remarkable for their 
optical properties, which, according to Brewster, show 
that each crystal is built up of a number of small symme- 
trically-arranged parts. Many specimens contain fluorine, 
and Eammelsberg suggests that the mixture of the fluoride 
with the silicate may partially account for the variations 
in the optical properties of this mineral. It occurs in 
metalliferous deposits at Hellesta and Utoe, Sweden ; at 
Andreasberg in the Harz, and at Ora\^ilii«b w\^ Q,TJJ«\sy^^ 
m Hungary ; in amygdaloidal xockft m "SkC^^tD^a.^ '^^ 
Tyrol, the Faroe lales, Disco Islaikd, Gt^exXwiQi^^jxAVcL'*^'^ 
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lele of Bkye ; and in basaltic con glome rates at Piiy 
Piqiiette, in France. 

OYnOLITE, or GUROLITE. 

It occurs in splierical coucretiona, haviug n peady 
InBtrouB lamellar alructiire, and a hardness of between 
3 and 4. It rcBemlilea apopliyllite in its behaviour before 
the blowpipe and in most of its physical characters, as well 
as in its chemical compoaitiou. ApopliyUite in a hydrated 
silicate of lime and putasb, while gyrolite is a hydrated 
ailicate of lime. The theoretical compoailion of the latter 
is 62-18 per cent, of silica, 32-26 of lime, and 15-50 of 
V ttter. In Annapolis County, Nova Scotia, crystals of 
apopliyllite are somelitnes found with gyrolite ou the sur- 
face, and with gyrolite and calcite occupying cavities in 
their interior. 

Tliia mineral is very closely alHed to gyrolite, and like 
it is a hydrated silicate of limo. It is usually found in 
fibrous masses, and the few crystals as yet discovered 
appear to have been prisms with the vertical faces inclined 
towards each other at an angle of 122° IS'. The colour 
is yellowish or bluiah, the lustre pearly, the hardneta 5, 
and the sp. gr. 2-3 (25,699). Its behaviour before the 
blowpipe aivd with hydrochloric acid scarcely differs from 
that of apophyitite. It is found in the amygdaloidal rocka 
of Faroe Islands, Iceland, and Greenland. 

Peotolite. {Si/n. Osmehte.) 
A hydrated silicate of lime and soda occurring in semi- 
transparent crystals analogous to those of wollaatonile, and 
also in fibrous, radiated, and stellar masses. Some speci- 
mens found in Ayrshire have Iiad oolnmna 3 ft. in length. 
The crystals are rhombic prisms with perfect cleava^ 
parallel to its vertical faces, which are inclined towards 
each other at an angle of 95° 25'. The lustre ia siiky at 
vltreoae on the fractured surfaces, the colour white or 

grey, the iardnees 5, and lUe ap. gt.2-f.% ^3.'S,^5t■l^n^■^^; 

(32,717). It fuses before the \>\o^'p\v^ mlo a. cQ\o>iAt« 
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glass, and when sabsequently treated with hydrochlono 
acid, yields gelatinoas silica. Its localities are Castle Hill, 
Bdinbnrgh, associated with wollastonite and prehnite ; 
Enockdolian Hill, Ayrshire ; Talisker, Isle of 6kye ; 
Langbans iron mine, Wermland, associated with chlorite 
and calcite ; Monte Baldo, Upper Italy ; Mount Monzoni, 
in the Tyrol ; Isle Royal, Lake Superior ; and Bergen 
Hill tunnel, New Jersey. The stellite, from Kilsyth, 
Scotland, is probably the same miueral. 

Chloroph^ite. 

Ohemically it is a hydrated silicate of iron ; it has a 
dark green colour, a subresinous lustre, a hardness of 1*5 to 
2, and a sp. gr. of 2 (22,356). It forms small earthy 
lumps in the cavities of amygdaloidal rocks of the Hebrides, 
the Faroe Isles, Fifeshire, and the neighbourhood of New- 
castle-upon-Tyne ; as also in the drusy cavities of basalt, 
diorite, and porphyry. CMorophamerite is a similar com- 
pound from Weissig, in Saxony ; but it differs in having 
a sp. gr. of 2*68 (29,957), and a larger proportion of 
silica. 

Meerschaum. (S^n. Sea Foam.) 

It is a hydrated silicate of magnesia, which has as yet 
only been found in an earthy state. Some specimens may 
be represented by the formula 2 MgO. 3 SiOj+2 H^O, 
and others by 2 MgO. 3 SiOg + 4 HjO. It is compact, 
smooth to the touch, slightly plastic, and sufl&ciently soft 
to be marked by the finger-nail. It has an opaque white 
colour, more or less tinged with yellow or red. When 
exposed to the blowpipe flame, it fuses on the edges only with 
considerable difficulty, but it is readily reduced to the liquid 
condition when treated along with borax. Hydrochloric 
acid dissolves it with separation of gelatinous silica. It is 
found in a thick band, in the midst of a chalk with flints, 
near Eski-Scher, in Anatolia, and from this band is 
obtained most of the material used fox t\ie TCLWi^WX^x^ ^^ 
ibe pipes sold in Oonstantinople . ttiet de^oftWa ^it^Vs^s^"^ 
ia the Jeie of Negropont ; at Vaftecas, xv^ot "^^i&tV^N ^ 
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Talc. 






A bydrated silicate of magneBin, from which the Wfti 
ia only driven off at a. high temperature. It usually occurg 
in foliated laminar masses, liko mica, which ehow indica- 
tiouB of being made up of rhombic prisms with the vertical 
faces inclined towards each other at an angle of 120°. It 
differs from mica in not being elastic, in being softer and 
readily marked by the nail or mica, in yielding an unctuoua- 
feeliag powder, and in not containing alamina as an 
essential ingredient. The laminated variety of talc is 
adopted by mineralogists as representing 1 in the scale of 
hardness; its ep. gr.is 2'7 (30,180). The colour is white, 
eometimea tinged with green, and the lustre pearly. When 
heated in a matrass, it undergoes no appreciable loss of 
water or transparency ; when subjected to a high heat, it 
exfoliates and hardens, but does not melt. Acida have 
no effect upon it either after or before ignition. There are 
numerous varieties, such as the laminated talc, which 
yields thin flakes capable of being easily bent; lamellar 
tain, in which the flakes are comparatively thick ; JUtrout 
and pulverulent talc. I'otslone is a mixture of talc, chlorite, 
and tremolite. It has an opaque grey or greyish-green 
colour, and a somewhat slaty structure. The strongest 
heat has little or no effect upon it. As it is soft and easily 
moulded when first quarried, hardens when exposed to the 
air, remains unaltered by high temperatures or dilute 
acids, and not liable to impart any bad taste or quality to 
food, it forma an excellent material for ovens, stoves, 
teapots, and other objects. When greasy and dirty, it 
is readily cleaned by heating it to redness. 

The finest apecimens arp brought from Greiner, in the 

ZiUeTthtH, Tyrol; at St. Gothard, in the valley of Cha- 

mouni ; atSala and otber \oCBl\l\ea\ii?>s'J&4tT\-,\\i?A\j(tx\v 

Scotland, and other coontties. PotsKme \b c\j\wrcw4. \i 
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various parts of Italy : for instance, near Gliiavenna; 
at Val Sesia, near Monte Rosa; and is also found in Green- 
land, Saxony, United States, &c. 

Steatite has the same chemical composition as talc, 
and generally speaking the same physical properties. It 
is less crystalline in its character, although thin sections 
show evidences of crystalline structure when examined 
under a microscope with polarized light. It is remarkable 
for displacing other substances, retaining their forms with- 
out preserving their internal structure. Amongst the 
minerals which are thus displaced are topaz, spinel, quartz, 
bitterspar, staurolite, felspar, augite, hornblende, garnet, 
&c. It occurs in many of the more highly crystalline 
rocks, such as granite, gneiss, and serpentine ; in drusy 
cavities of amygdaloidal rocks ; and in metalliferous lodes. 
Like talc, it has its fibrous, lamellar, and earthy varieties. 
The lamellar variety is quarried and employed for various 
purposes ; thus, it is mixed with clay in order to increase the 
translucency of the finished porcelain ; when powdered, it 
is used for diminishing the friction of machinery, and as 
a basis of the coloured cosmetic powders. Pencils are 
made from it for removing grease from silks and cloths, 
and for marking out the patterns of clothes. 

PiCROSMiNE is a hydrated silicate of magnesia from the 
iron mine of Pressnitz, in Bohemia. It readily yields by 
cleavage right rhombic prisms with the vertical faces 
inclined towards each other at an angle of 117° 48'. Its 
colour is white or greenish grey ; its lustre pearly on the 
cleavage faces, and vitreous on the other faces ; the hard- 
ness is 2-6 to 3, and the sp. gr. 2-59 to 2*68 (29,957). Its 
chemical formula is probably 2 Mg SiOg + HgO. 

PioROPHYLL is a hydrated silicate of magnesia which 
contains nearly 7 per cent, of protoxide of iron. It is 
found in deep greenish-grey foliated masses at Sala, in 
Sweden, having a hardness of 2*5, and a^^^^x*^^ ^^1^ 
(30,739). When heated in the \AoY?p\^^ ?i«av^,V^ \a.%cc^\. 
blackened, then becomes white, "but Temwvi^ MXilx^asA. 
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UyDRorniTE. (S^n. Jenkinaonita,) 
A liydrated silicate of mBgneeiB and iron found in dark 
f;recD fibrous maeses at Taberg, in Sweden, and O'Neil'a 
Mine, Orange County, New York. It lias a feeble luBtre, 
B Bp. gr. of 2-4G (27,497) to 2-6S (29,G21), and a hardnesa 
of S-5. 

Gymnitb. 
A hydrafed silicate of magnesia, which differa from 
picroemine in containing a much smallar proportion of 
Bilica, and a much larger proportiou of water. It has aa 
yet only been found in an amorpbone state. The colonr 
is yeltowiah, greenish, or reddish ; the hardnees 2 to 3'S; 
nnd the ap. gr. 2-2 (24,591). Its localities are at Middlefield, 
Massachusetts, associated with serpentine ; in Texas County, 
Penmtylvania ; at Bare Hills, Maryland ; and in the Tyrol. 

Serpestihe. 
This also is a bydrated silicate of magnesia, and differs 
little from gymnite in chemical composition. It contains 
a little more magnesia and a little less water. It is donht- 
fnl whether it should rank as a species. It is a compact 
iough substance, breaking with a splintery, or oecasionally 
a fibrous fracture. The more fibrous varieties are called 
serpentine, asbestos, or chrysotile. Its colour, which 
comprises various tints of red, green, and brown, is duo to 
the presence of a small proportion of protoxide of iron. 
When the tints are bright, and the mineral translucent, it 
is known aa precious serpentine, while the more opaque 
and darkly -coloured varieties form the common aerpentine. 
It is remarkably constant in its chemical composition, 
being generally composed of about 43 per cent, of silica, 
44 of magnesia, and 13 of water. The hardness is about 
S, and the sp, gr. about 2'fi (25,9iS). It gives off water 
when calcined ; is infusible, except on the edges, by the 
blowpipe ; and when exposed to a continued heat it wliitens 
and hardens. It is soluble in hydrochloric nud sulphuric 
acids, without separation of gelatinous silica. There are 
manj varieties, such ns marmah'le, or the lamellar variety : 
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noble serpentine ; common serpentine ; chrysotile, halii* 
morite, or the asbestiform varieties. Thermophi/llite, vor- 
Tiauserite, and picrolite are also varieties. Antigorite is a 
laminated variety from the valley of Antigonia, Switzer- 
land, which is doubly refracting and dichroic, being 
brownish green by reflected and leek-green by transmitted 
light. Crystals of serpentine are known, but they are 
probably always pseudomorphs of hornblende, augites, (fee. 
It is disseminated through many rocks in broken masses, 
plates, and veins, and very frequently forms thick strata 
and high ranges of hills. In this latter case it becomes a 
rock. 

Dermatik, or Dermatite, is a hydrated silicate of iron 
and magnesia, containing 2^atoms of water, about 40 per 
cent, of silica, and about 14 of protoxide of iron. It is 
found in dark green reniform masses at Waldheim, in 
Saxony. It is probably an altered serpentine. 

Bastitb, or SoHiLLERSPAR, is regarded by many mine- 
ralogists as a crystalline variety of serpentine. It occurs 
in masses having some approach to crystallisation, and 
cleaving in two directions inclined towards each other at 
an angle of 87°. This last character seems to indicate its 
relationship to the augite group. The colour is leek-green 
tinged with yellow or brown, the hardness 3*5 to 4*0, and 
the sp. gr. 2-6 (29,062) to 2-8 (31,298). A strong heat 
causes it to become pinchbeck -brown and magnetic, and 
to fuse at the edges. Hydrochloric acid partially dissolves 
it, but sulphuric acid entirely. 

Ceritb. (S^/n, Cererite.) 

It is usually found in amorphous masses, and rarely in 
six-sided prisms. It appears to be a hydrated silicate of 
cerium ; but in all the specimens hitherto examined, the 
oxide of cerium has been more or less replaced by the 
protoxides of lanthanum, didymium, iron, and lime. The 
colour is reddish violet or brownish red, the lustre almost 
adamantine, the hardness 5% and the sp. gr. 4*9 (54,772). 
It gives off water when heated by t\ve\)\QV^^v^^> ^^o^oca^"^ 

H 2 
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a yellow tint, bnt does not foBc. When mixed with borax 
aod heated in (he oxidising' flame, it yields a glass wliicti 
IB orange when warm, and yellow when cold. It ia the 
principal ceriQiu ore, containing about 60 or 70 per cent, 
of the oxide of cerium. It is found la an abandoned 
copper-mine at BostnaeB, near Kiddnrhytta, in Sweden, 
where it forms small beds in gneiss associated with cerueite, 
hornblende, mica, and copper pyrites. 
Thoeite. 
A hydiated eiUcatc of thorina which has net yet been 
found in a pure state, but, according to Beraeliua, it ia 
composed of 18'08 per cent, of silica, 57'91 of thorina, 
and 9'60 of water ; it usually contains variable proportiona 
of tho protoxides of iron, uranium, and manganeae in 
place of the thorina, Tho colour is black, and the ap, gr. 
4-7 (52,536), When heated in a mntraaa it gives oS 
water and turna brown ; it is infusible hy the blowpipe, 
and diasolves in hydrochloric acid with separation of 
gelatinouB silica, Orangeite is a variety of thorite of an 
orange-yellow colour, and containing somewhat less water, 

Tritomite is a brown mineral found in small regular 
tetrahedrons in a syenite at LamoB, near Brovig, Norway. 
Its hardness ia 5-5, its sp, gr. i'5 (50,301), and its chemical 
coiapoaition undetermined, hut it appears to be a bydrated 
silicate of cerium allied to Thorite. 

Smitusonite. (2 ZaO SiO, -f H,0. Sun. Electric 
Caiamino ; Calamine of Beudant.) 
A bydrated silicate of zinc, far more commonly found 
in lamellar, concretionary, or cavernous masses than in 
crystals. The latter belong to the trimetric system, and 
are, like those of tourmaline, hemihedral modifications. 
The primary form is a rhombic prism with an angle of 
104° IS', with perfect cleavage parallel botii to tne faces 
and base of the prism. The crystals are transparent and 
colourless when pure, froqaently striated in a longitudinal 
direction, and sfrongly electric when heated; indeed, the 
change of temperature required to render them electric 
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is 80 slight that they are nearly always in a state of elec- 
trical polarity. They have a brilliant lustre, a hardness of 
5, and a sp. gr. of 3-5 (39,023). When heated by the 
blowpipe it gives off water, fuses on the edges, slightly 
swells up, and becomes opaque, at the same time giving 
out a green phosphorescent light. It gelatinises with 
acids. 

It is found, though rarely, in veins in crystalline rocks, 
as at Matlock, Derbyshire, and other places in England ; 
and also in irregular nests and layers in sedimentary strata, 
where it is generally associated with the carbonate of zinc. 
These layers are sometimes found of considerable thickness 
and extent, and have been met with at the Mendip Hills, 
in England ; Leadhills, in Scotland ; Tarnowitz, in Silesia ; 
Bleiberg and Eaibel, in Carinthia ; and at numerous other 
localities in Europe. 

DioPTASB. (CuOSiOg+HgO. Syn, Achirite ; Smarag- 
doohalcite ; Emerald Malachite ; Emerald Copper.) 

It crystallises in rhombohedral crystals derivable from an 
obtuse rhombohedron, with a terminal angle of 126® 24', 
and with distinct cleavage parallel to its faces. It has a 
beautifully green colour, a vitreous lustre, a conchoidal 
uneven fracture, an index of refraction for the ordinary 
ray of 1*667, a hardness of 5, a sp. ht. of '182, and a 
sp. gr. of 3-27 (36,452) to 3-34 (37,224). It is doubly 
refracting, infusible by the blowpipe, but blackens 
in the outer and reddens in the inner flame. With 
fluxes it gives the reaction of copper. It is found at 
Mount Altyn Tub, Berghes Karkalinsk, and Oni, in 
Siberia. 

Ohrysocolla (CuOSi08+2 HgO) is also a hydrated 
silicate of copper, but it differs from dioptase in containing 
a larger proportion of water. It is an amorphous com- 
pact mineral of a bluish-green colour. It breaks with a 
conchoidal fracture, is very brittle, and has a hardness of 
2*5, and a sp. gr. of 2*3 (25,699). It is generally asso- 
ciated with malachite and other cupteov\«» \ft\xv^\^, ^>t* 
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exists at Dillenberg, in Nassau ; at Saska and Moldawa, 
in Hungary ; at CanayeillDS, in tlie PjToueeB ; in tko 
Ural and Altai Mountaina ; in the copper mines of 
Chili ; in most of the copper mines of Cornwall ; in 
Siberia, Bavaria, South Australia, Peru, and at numerous 
localities in tho United States and in Canada. It is 
Hometimes formed by the action of sulphate of copper 
on felspar, and sometimes by tho alteration of mf^o- 
chite, as in the specimens from Chili. 

DEHmoFFiTE, or him maladittf, as it was formerly 
called, forms a coating on ordinary malachite. It has 
a sky-blue colour, a hardness of 2, and a sp. gr. of 22 
(24,691), It appears to be a variety of ehrysocoUa. 

EOEPrERITE. 

It is a silicate analogous to chrysoHie in constitution 
and structure, half tho protoxide of iron being replaced 
by the protoxides of manganese and zinc, and by mag- 
nesia. The crj-stals are trimetrio ; hardness 5-5 ; sp. 
gr. 3-95 — 1-01 ; lustre on cleavage plane vitreous to 
subdiamantine ; colour dark green to black in the 
mass, but thin splinters are translucent and pale yel- 
low, while the streak is yellow to reddish-grey. It is 
magnetic. Before the blowpipe it fuses with difficulty 
to a black slag ; with the fluxes it reacts for iron, man- 
ganese, and silica ; and on charcoal with soda gives a 
zinc coating. It readily and completely gelatinizes 
with acids. It has been found at Stirling TTill, Sussex 
Co., New Jersey, with willemite, irauklinite, jefferson- 
ite, and spinel ; and at Franklin Furnace with galenite. 

UmaTE. 
It was formerly considered that all tho crystals of 
humite belonged to the trimetrie system, but more 
recent optical research shows that, while the humite 
crystals are rightly thus considered, there are two other 
varieties in which one of the axes ia slightly inclined, 
so that they must be assigned to the monoclinie system. 
These two varieties are optically distinct, and hence 
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Dr. Oloizeaux proposes to call one ehondrodiU, and the 
the other cUnohumite, 

Abeiachanite. 

It is a hydrated silicate of ferric and ferrous oxides 
and magnesia, which may be noticed on account of its 
peculiar nature, although not accepted yet by mineralo- 
gists as an adequately defined species. It is exten- 
sively distributed near Inverness, permeating all the 
rooks there, such as gneiss, granite, breccia, .Sid lime- 
stone. Professor Heddle describes it as occurring in 
deep-blue films coating the fissures in the rocks, as a 
pulpy blue clay, composed of fibres in the midst of the 
breccia, and as veins ramifying everywhere through the 
solid granite. It is hardly to be distinguished firom 
clay in appearance, although it contains no alumina. 
It resembles clay in the way in which it crumbles down 
when placed in water. The colour is not essential to 
the mineral, but is probably due to a ferruginous sul- 
phide of sodium being present, which is the same com- 
pound that is believed to be the colouring principle of 
ultramarine. Before the blowpipe it gives a strong 
sodium reaction, and with fluxes reacts for iron. It 
fuses with difficulty into a blotchy glass, which is 
fitrongly magnetic. Its powder is insoluble in acids. 

Melanotekite. 

A silicate of lead and iron, found in the massive state, 
and presenting cleavage in three directions. Hardness 
6-5 ; sp. gr. 5-73 ; lustre metallic to resinous ; colour 
black to blackish-grey ; streak greenish grey. Frag- 
ments under the microscope are sometimes translucent, 
and are dichroic, being bottle-green and reddish-brown. 
Before the blowpipe it fuses with intumescence to a 
black bead ; with soda on charcoal it yields a globule 
of lead together with a lead coating; with borax it 
gives an iron reaction ; but on strongly heating it in 
the reducing flame it becomes black on cooling owing 
to reduced lead^ and it is from thia ekidx^jc^t \!sva^*^\As^ 
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ita namo. It occurs with nativo lead intimatdy mixed 
with magnetite and yellow garnet, at Langban, in 
Wermland. 

Ktnti-olite is an allied species, being a silicate of lead 
and manganese. 

GANoMAxrrG. 

A silicate of lead and manganese, whose composition 

corresponds to the formula Pb Ma 8i Oj. It occurs in 
masses wMch are doubly refracting in a high degree, 
and optically biaxial, with a small angle of divergence, 
Hardness 4; sp. gr. 4-98; lustre greasy; colourless, 
or whitisli and transparent. It readily fusea before the 
blowpipe into a clear glass, which turns black in thf 
reducing flame owing to the reduction of the lead. On 
charcoal with soda it gives a lead globule and a coat- 
ing of oxide of load. It easily dissolves in nitric acid, 
gelatinous silica boiiig separated. It is aseociated with 
native lead, ealcite, and jaeobsite, at Langban, Werm- 
land, Sweden. 

GrLAUCONITE. 

A hydrated silicato of iron and potash, often con- 
taining much alumina. It can hardly be considered a 
well-defined species, as the composition is voiy variable, 
and it has only been met with in amorphous lumps and 
grains. It ia largely present in many greensands and 
sedimentary rocka of all ages, from the Silurian on- 
wards. It is in formation now at the bottom of the 
deeper oceans, where the organic matter within fora- 
miniferal shells is replaced by it. 
IItaiotekite. 

A silicate of lead and baryta, which occurs in coarsely 
crystalline masses, which cleave easily in two directions 
approximately 90" one to tho other, and leas easily in 
a third direction. Hardness 5-5— 6 ; sp. gr. 3'81 ; 
lustre vitreous to greasy ; colour white to pearly grey. 
It is transparent in thin plates, and is optically biaxial. 
Itiasos before the blowpi^ie into a clear glass, which, 
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when exposed to the reducing flame becomes black, 
owing to the reduction of lead. On charcoal, with soda 
in small quantity, it fuses to a clear glass, but if more 
soda is added, the reducing flame gives a globule of 
lead with a coating of oxide of lead. Insoluble in sul- 
phuric or hydrochloric acids, but it dissolves in salt of 
phosphorus, leaving a skeleton of silica. It occurs at 
LangbaU; Wermland. 

Ilesite is a hydrated silicate of manganese. 



CHAPTER IX. 

SILICATES {continued). 
Group II. — Silicates which contain Alumina as 

AN ESSENTIAL IJfGREDIENT. 

These groups might h&^Q been expressed in a different 
way. Thus, Group I. is mostly composed of the silicates 
of the diatomic elements ; that is, of elements which, like 
magnesium, zinc, copper, &c., combine with oxygen in 
the proportion of atom for atom. Such oxides may bo 
expressed by the general formula DO, in which D stands 
for any of the diatomic elements. These again may be 
arranged in two minor divisions, characterised by con- 
taining 1 or 2 atoms of base to 1 of silica. Thus, wvi' 
lemite, pJienakite, and olivine are dibasic ; while enstatite 
is monc^ixific. Most of the minerals described in the last 
chapter, such as the augites and hornblendes, are mono- 
basic silicates, whose general formula is DSiOg ; in some 
cases the D is replaced partially or wholly by M^, or 2 
atoms of a monatomic element. 

Group II. is mostly composed of silicates containing 
triatomic elements, of which aluminium is by far the most 
common. In many cases monatomic, diatomic, and tri- 
atomic elements occur together in the same mineral, so 
that this group presents a much greater complexity in 
chemical constitution than the first. 

M 3 
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ToTAz. (Si/n. PyrophyBaliti!.) 
TLiB ia generally considered to be a silicate of a1uni!DG 
combined witli ti eilico-flnoride of alaminium. It occurs 
ID trimetric cryetnls derivable from a rigLt rhombic prism, 
with the vertical facee inclined at an angle of 12i° 17'. 
The modified forms have been arranged in three groups, 
each chnTncleriaed by a certain type of form and pecu- 
liarities of colour, &c. The three gronpa may be repre- 
sented by (1) the topazes of Saxony, which are pristaB 
wiUi a rlioniboidol base having a. scriea of facets round 
the base, as in Fig. 48 ; (2) the topazes of Russia, which 
are prisms with a wedge-shaped summit terminating in a 
horiaontal edge, as in Fig. 47 ; and (3) the topazea of 
Brazil, which are prisma terminated by a fanr-sided 
pyramid, as in Fig. 49. There ia a distinct cleavage 



Fig, 47. Fig. 4B. Fig. 19. 

parallel to tlie base ill ail, and indistinct cleavages in two 
other directions. Tiio colour varies according to the 
group. Thus, the Brazilian topazes are usually of a red- 
dish yeUow or rosy tint, the most common being a deep 
yellow approaching to orange, and the rarest a beautiful 
rose. This latter being highly prized, it is common to 
produce it artificially by slightly heating the yellow 
topazes. Tho artificially-acquired tint is not permanent. 
Some of the Brazilian topazes are colourless and perfectly 
transparent, and they have been called " drops of water" 
by the Portuguese. The Russiaa topazes are of a bluish 
or greenish white, and those of Saxony pale yellow. In 
many cases the colours are destroyed by long-continned 
exposure to strong sunlight, or to heat ; and are probably 
due, not to the presence of a metallic oxide, but to that 
af an organic compound. The hardness ia 8, the lustre 
vitreous, nud the sp. gr. 3'5 (30,02?.). The (opna is dec 
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trical when heated ; but this property is by far the most 
marked in those belonging to the third type, being very 
slight in those of the first, and almost absent in those of 
the second. On the other hand, the Saxon topazes, 
especially the colourless varieties, are more easily ren- 
dered electrical by friction than the other kinds. The 
topaz is infusible by the blowpipe, but when mixed with 
borax it may be converted into a colourless glass. Acids 
have no effect on it, except sulphuric acid, which causes a 
disengagement of hydrofluoric acid. The crystals belong- 
ing to the first or Saxon type are found in a kind of fine- 
grained felspathic rock, known as topaz rocky at Schneck- 
enstein, in Saxony. They are also found in stanniferous 
veins at Altenberg, Geyer, and Ehrenfriedersdorf, in 
Saxony; at Zinnwald, in Bohemia ; and near St. Agnes, in 
Cornwall. There are many localities in the United States, 
and one or two, such as Muela, in Asia Minor. The 
crystals belonging to the second type are found at Miask, 
Alabaschka, and Mount Adun Tschilon, in Siberia; as 
also in Scotland, Ireland, and New South Wales. Those 
of the third type occur in the granitic rocks of Minas 
Geraes, at Capao da Lane, and Bona Vista, or associated 
with the diamond in the auriferous sands of Minas Novas 
and elsewhere in Brazil. 

Pycnite is a variety of topaz, which contains somewhat 
less alumina and silica, from a quartzose rock at Alten- 
berg ; it is also found in Bohemia, Norway, Siberia, and 
France. It is of a pale straw colour mixed with violet. 

Pyrophysalite, or Pht/salite, is a massive opaque variety 
of topaz, which intumesces when heated. It is found at 
Finbo and Broddbo, Sweden, in granite, where it is 
associated with fluorspar, talc, mica, albite, tantalite, and 
other minerals. From the latter locality a crystal weigh- 
ing 80 lbs. has been obtained. Modum, in Norway, is 
another locality for pyrophysalite. 

Andaltjsite. (AlgOg. SiO,. Syn, Ohiastolite ; Made ; 

Stanzaite ; Micaphyllite). 

This is an anhydrous silicate of alumina, which cr^aiti 
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Yitea in trimctiic prismB, with an nnglo of about OV. 
Some Bpecimeiie are colonrleaa, while others are rose, fieeli- 
red, redd iah -brown, or olive-green. Some of the Brflailian 
hyaline specimens are trichroic, and present u different 
colour in tlie direction of each axis : the throe colonra 
are hyacinth-red, yollowiah- green, and olive-green. Tho 
usnal coloura are violet red and pearl grey. The harilneea 
of the hyaline andaksita u T6, and its ap, gr. 3'IG 
(35,222). Ila principal localitiea are the Porez monnlaina 
of France.near Nantoa and Morlaix,iiiI!retagiie; at Lisens, 
in tho Tyrol; at Wuasiedcl, in Bavaria; ntBrauoBdorf and 
Munzig', in Saxony; at AJmeria, in Andalusia; and various 
places in Brazil. 

ChiaHolite appeara to be a mixture of andalnsite with 
Borae foreign matter which has been arranged ayinmetri- 
cally with the crystalline form of the minerals. It appeara 
to bo derived from tlie black sehiat or other dark matrix 
in whieli chiastolite always occurs. Frequently it ia 
nothing more than dark colouring matter (probably car- 
bonaceous) derived from the schiat ; for, on espoaing the 
crj-Btal to boat, it disappears, leaving the crystals trans- 
parent and pure : sometimes it consists of particlea of the 
surrounding schiat. The black matter nssumea various 
forms : in aome cases it haa the shape of tho Greek x 
(Fig. 50), whence its name ; more frequently it is a kind 
of moaaic, in which a black rhomb, having it« aides 
parallel with the sides of the crystal, occupiea the 
central axis, while four black lines proceed dia- 
gonally from the outer cornera of tlie rhomb to 
thoae of the crystal ; in other cases, four addi- 
FiB-Bo. tional but similar rhombs occupy the four corners 
of tho crystal ; and in still other casea, there are a 
number of dark strisc in the clear portion, which run 
parallel to the inner sides of the rhombs occupying the 
angles. Most of tho properties of ehiaatolite are similar 
to tliose of the hyaline audaluaite, but its hardness ia 
generally less, being sometimes aa low as 6-5. It is found 
at many places in Europe and America. ^^^ 
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Staurolitb. (Alg :Fej O,. SiO,. S^n. Stanrotide ; 

Grenatite.) 

This io a ferriferons andalusite, whose crystals have a 
remarkable tendency to assume the form of a cross, as 



^^(i 



Fig. 61. 
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shown in Fig. 52. They belong to the trimetrie system, 
and are derivable from a right rhombic prism, with an 
angle of 129° 26' (Fig. 51). Sometimes the crystals inter- 
cross at an angle of 90^, and sometimes at an angle of 
60^, Tesselated crystals, like the chiastolite variety of an- 
dalusite, have been found in the mica schist of Charlestown, 
in the United States. Staurolite is translucid, and of a 
blackish or brownish-red colour. Its lustre is vitreous, its 
hardness 7, and its sp. gr. 3*6 (40,140). This sp. gr. is 
an average, and together with the formula is, perhaps, 
too general. The ratio between the oxides and the silica 
is apparently never 1 : 1, but only approximately so. 
The differences actually found in the ratio are always 
accompanied by corresponding differences in the specific 
gravity, which is less in proportion as the silica increases. 
There are four groups of proportion known, which have 
distinct specific gravities as indicated below : — 
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24 


18 
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It is infusible by the blowpipe, and dissolves with diffi- 
culty in fused borax. It is found in the talcose schists of 
St Gothard associated with kyanite and garnet ; and in 
the argillaceous schists near Quimper and Hyeres, in 
France; at St. Jago dc Compostella, in Gallcia^ ^^ 
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CtLarleston, Chesterfield, Vernon, and Lichfield, in tlie 
Umtcd States ; in gneiss in Scotland. 

KvASiTE. (Sifn. Rhcetizite; Diathene.) 

It Iiiu tlic same composition as aiidaluaite, but a totally 
different form. Its cryatala are iriclinic, and are derivable 
from an obliqne prism in which tbe vertical faces are in- 
clined nt an angle of 100° 50' towards the bace. It is 
uBUftlly met with in long colourleea or bluiab lamellar 
CryataU, which cleave readily in a direction parallel to 
the faces of tbe priam. It differs from andalosite in naany 
of its physical propertiee. Thns, aa regarda colonr, anda- 
liiaito preaenta various sbadeB of red, which merge 
f^radually into green; while in byanltc tbe transition 
shadea appear to be of a blue and yellow tinge. Obias- 
tolite develops positive electricity when nibbed with 
acaling-wax ; whereas kyanite develops positive electricity 
in certain crystals or on certain faces, and negative elec- 
(ricity on other crystals or on other faces. It was from 
this double electrical property that Haiiy proposed to call 
it dhthene. Some of the lamelliB of kyanite exhibit two 
colours at once, viz., a blue band between two colourless 
edges ; sometimes they give ahades of yellowish or 
blackish grey, tbe latter colonr probably being due to 
graphite. These phenomena appear to be somewhat 
analogous to those presented by chiaatolite. The sp. gr. 
of kyanite is aomewhat greater than that of nndalusite, 
being about 3'55 (39,681) ; that of colonrlesa kyanite, or 
RhcBtiztle, i& 3-G7 (40,SI23) ; and that of the blue trans- 
parent variety from the Tyrol ie 3-66 (-10,811}. The 
localities for kyanito are nearly the same as thoae for 
etanrolite. 

^ILLIJIANITQ has the same chemical compoaition as 
andalnsite, and possesses nearly the same properties. Its 
crystallme form is similar, but difierendy modified ; ac- 
cording to Dca Cloizeauit, the primary form is a right 
rbomboidal prism of 111° ; its optical propertiea are 
slightly different ; its sp. gr. is somewhat greater, or 3'24 
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(36,116); and its hardness is about 7*5. Worthite, Man* 
roUte, Fihrolite, and Buchohite appear to be varieties of 
sillimanite. 

Bamlite and xenoUte are also usually considered to be 
varieties of the same mineral. 

In referring to the andalusite and kyanite groups of 
minerals, we have said nothing as to their lithological 
distribution. In nearly every case they are found in 
rocks having a similar composition to themselves. Thus, 
bamlite is found in gneiss ; andalusite is most frequent 
in micaceous schist and granulite, but it also occurs in 
mica schist, granite, and saccharoidal limestone ; chiasto- 
lite is most frequent in clay slate, and less frequent in 
micaceous schist ; but it is also met with in fossiliferous 
mica schist, dark metamorphic limestones, and greyish 
dolomite. Kyanite is found chiefly in gneiss and mica 
schist; also in leptynite (a gneissose rock), eklogite, 
pegmatite (a granitic rock), granulite, saccharoidal lime- 
stone, dolomite, and magnesian clays; sillimanite in 
gneiss ; and fibrolite in granite. From these facts it may 
be inferred that these minerals are found in the more 
highly crystalline rocks which originally consisted wholly 
or partially of silicate of alumina. 

EuLYTiNE. (BigOg. SiOj. Syn, Bismuth Blende.) 

From the few analyses which have been made of this 
rare mineral it appears to be a silicate of bismuth, which 
is usually mingled with a small proportion of phosphate of 
iron. It crystallises in hemihedral modifications belong- 
ing to the regular or monometric system, the usual form 
being the hemihedral dodecahedron, with dodecahedral 
cleavage. It also occurs in lamellar and granular masses. 
The colour is brown or yellow, the lustre sub-adamantine, 
the fracture uneven, the hardness 4*5 to 5*0, and the sp. 
gr. 5-9 to 6-0 (67,068). It is easily melted by the blow- 
pipe, colouring the flame bluish green, and leaving a 
brown deposit on the charcoal. Hydrochloric acid dis- 
solves it with separation of gelatinous riliGSii* IX»\&i<;5Sb»^ 
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t wad Anmtt ganeb. This arrangement into 
' I aatnre it is rare 
; any garnet belongs exelasivety to any one 
group: it generally contvna something which represents 
some other group : pyn^, for instance, is a mixtare of 
lime, mignesa, iron, and chrome garnets. All the gar- 
nets crystallise in the regnlfir or cnbic system, the pre- 
railing fbnne being the dodecahedron and tiapesohedron ; 
they have a vitreona or reainons lustre, and are easily 
fneibie {eieept in tbe case of oaiearoicile). Their hard- 
ness varies from G-o to 7-5, and their sp. gr. from 3'lo 
(35,1 10) to 4-5 (60,301). They are found in almost every 
kind of rock, but most frequently in those which are 
highly hydrated, such as serpentine. The garnets fonnd 
in the volcanic rocts have a peculiar vitreous lustre which 
is not met with in tbe garnets from ihe non-volcnnio 
rocks. 

Oromihria is a lime, or more correctly an alur 
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lime, garnet, and is cither colourless or tinged ifvith 
greenish yellow in some cases, and reddish yellow in 
others: its sp. gr. is 342 (38,128). The colourless 
variety is found near Tellemarken, in Sweden, where it 
is associated with idocrase and thulite ; also at Slatoust 
and Schischinskaja Gora, in the Ural Mountains. The 
greenish variety, which, from its rounded form and 
resemblance in colour to the gooseberry, has given rise to 
the name grossularia, is found in Siberia and Hungary. 
The reddish -yellow variety is called essonite. In these 
cases the colour is due to the presence of a little per- 
oxide of iron. Romanzowite is a reddish-brown variety 
from Finland which contains a little of the oxides of iron 
and manganese. 

The black garnet from Arendal resembles melanite, but 

differs in chemical composition. It is an alumina-mag- 

. • . 

nesia garnet (Mg : Al. SiO J. 



Spcssartine is an alumina-manganese garnet (Mn : Al. 

8104) having a yellowish or reddish-brown colour. It is 

found at Spessart and Aschaffenburg, in Bavaria ; Finbo 

and Broddbo, in Sweden ; and Haddam, in Connecticut. 

Roikoffiie is a closely-allied variety. 

"^ — ' ^ 

Almandine is an alumina-iron garnet (Fe : Al. Si04). 

It is of a crimson red inclining to violet or brown. The 
varieties which have a clear colour and a considerable 
degree of transparency are called precious or ortenial gar- 
nets ; while the duller varieties of this group are called 
common garnets. The dominating forms of the crystals 
are the rhombic dodecahedron and the leucitohedron 
(Figs. 9 and 18, PI. I). The crystals are sometimes 
very large, and usually occur in the schistose rocks, 
where they are frequently enveloped in a thin crust of 
mica, talc, or chlorite, or else in the sands and alluvial 
deposits derived from such rocks. The principal localities 
are Syriam in Pegu, Ceylon, Greenland, Brazil, Tran- 
sylvania, and the Tyrol. The garnets from Elie, Fifeshire, 
belong to this variety. The precious garnets of Bohemlo. 
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belong to nnotlier variety, the pi/rope. Thia, with one or 
two other of the red varietiea of garnet, formed the car- 
Itmclc of the aacienta. The alloehroUe from Drammen, 
in Norway, prolmhly beloagfl to this gronp. It has a 
dingy yellovriah or reUJiah colour. 

Mdaailt ie ni iron-lime garnet (Fe : Oa. SiO^). It is 
of a bkck or brown iah-black colour, and is fonnd in tlic 
volcanic rocks at Frascati, at the foot of VesQviiu, in 
Lapland, and elsewhere. Pyrenasile is a cloeely -allied 
variety found in a dark limestone near Bar6gea, in the 
Pyreneea. Aplojne has a green iah-hrown colour, and its 
iirystala sometimea show the facea of the cube, while the 
dodecahcdral forms have striee parallel to the small dia- 
gonal of the rhombs ; these striee are the signs of cubic 
clenvage. It ia found in Siberia, Saxony, and England, 
Cohphonito is a blackish -brown variety, with resinous 
lustre, from Norway and Sweden ; and succinite is a 
similar variety, from Bonvoiain. Topusolite ia a reddish- 
yellow variety from various localities in Piedmont. 
Folyadeljphite ia a brown variety from Franklin, in the 
United States. 

Ouwaroicite, or Vwarowile, is an nlnmin a -chrome -lime 



gamot (Al : Or : On. SiO J. Its colour, which ia emerald 
green, resembles that sf dioptaae. It differs from the 
other garnets in being infusible, and in undergoing no 
change when exposed to the flame of the blowpipe. It is 
found at Bisaersk, in the Ural Mountains, associated with 
chromite, 

Fi/rope ia usually aaaociated with the nlmandine group 
of garnets, but its composition and physical properties are 
so different that it seema better to diaaociate it from that 
group. Its composition may be expressed by the formula 
Al : Or : Oa : Fe : Mn : Mg. SiO,. It ia rarely found iu 
distinctly -formed crystals, but usually in rounded grains 
in alluvial deposita, in serpentines, or in the opal rock of 
Bohemia. Its colour is deep hyacinth or blood-red ; ita 
fracture Gonchoidal ; ita lustre vitreous; ita hardneas 7'5 ; 
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and its sp. gr. 3-6 (40,140) to 3-8 (42,376). It is difficult 
to fuse, and when strongly heated becomes black and 
opaque, but resumes its original colour and transparency 
when allowed to cool. It is found abundantly at Zoblitz, 
in Saxony ; and at Meronitz, Bilin, and Podsedlitz, in 
Bohemia. 

HuMBOLDTiLiTE. {S^ii. Mcllilite ; Somervillite ; Zurlite.) 

It crystallises in forms belonging to the dimetric system. 
The primary form is an octahedron with a terminal angle 
of 134° 48', with basal cleavage. The colour is pale 
yellow, the lustre vitreous, the fracture conchoidal, the 
hardness o, and the sp. gr. 2-9 (32,416) to 3*1 (34,551). 
It fases with difficulty into a yellowish glass, and dissolves 
in acids with separation of gelatinous silica. It is found 
in the volcanic rocks of Vesuvius, and at Capo di Bove, 
near Eome, associated with nepheline and breislakite. 
The Gehlmite from the Tyrol is probably a variety ; it has 
nearly the same crystalline form, but not the same compo- 
sition. Its lustre is vitreous, tending towards resinous, its 
hardness is 5'5, and it behaves in the same way as hum- 
boldtilite before the blowpipe, and when treated with 
acids. Both minerals are silicates of lime, alumina, and 
iron, and differ from the alumina-lime garnets in con- 
taining a much larger proportion of lime. The crystal- 
line form is quite different from that of the garnets. 
Their characters are such as belong to a group of 
minerals, of which idocrase may be regarded as the 
type. 

Idocrase. (AlgOg. 3 CaO. SiOg. Sj/n. Vesuvian; 

Heteromerite.) 

This is a silicate of alumina and lime, in which, as in 
the garnets, the alumina may be more or less replaced by 
peroxide of iron, and the lime by the protoxide of iron, 
magnesia, protoxide of manganese, soda, and potash. The 
crystals belong to the dimetric system, and are usually eight, 
twelve, or sixteen-sided prisms terminated by perfect or 
truncated pyramidal summits, having imperfect prismatic 
cleavage. The colour is exceedingly vatiabU, ^\A \s!l^ 
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bo brown, violet, green, or bine. The lustre is vitre on b, 
the hftrdneaa variea from 6 to 7, and the sp, gr, from 3-3 
(36,777) to 4 (i4,712). It is enaily fuable, and wilh 
fluxca gives tbe reactionB of silica and iron. It is soluble 
in hydrochloric acid with aeparation of gelntinoua silica 
after, hut not before, faaion. There are a great many 
varieties, and each variety ia, generally speaking, charac- 
teristic of certain lo cab lies. Thus the Ido erase of 
VesQviiis has a reddish-brown colour, and is found in the 
rocks thrown out by the volcano associated with spinel, 
zircon, garnet, nieionite, nepheliue, and other miiieralB. 
It ia called FfiMM'an. The idocraae of Siberia, or Wiluite, 
ia of a green colour ; it ia found in nn altered serpentine, 
and is associated n'itb green garnets. Frugardite ia a 
magnesian variety of an olive-green colour from Frugard, 
in Sweden; Jewreinoioite is a aoda-potash variety of a 
clear brown colour from Mantaala; lohoite ia a brawn- 
ish-grey, and gokitmite a yellowiab -green, variety from 
Gokum, in Sweden ; ci/prine, egerane, and xanlhite are 
other varieties. The rocks in which they occur are 
similar to those which form the matrix for gamete, via., 
old lavas, acrpentine, dolomites, and the more highly 
cryatnJIine schists. 

Saboolite. 

This mineral rcsemblea the purer alumina-lirae garnets 
in chemical composition, and might probably be repre- 
sented by tbe same formula, but it differs from them in 
crystalline form and specific gravity. In theaa latter 
charactera it more nearly approaches hnmboldtilite. It 
occurs in the lioliows of tbe Veauvian lava as tranaparent 
reddiah -white dimetric octahedrona, having n ap. gr. of 
2'93 (32,760). It ia readily fuaiblo into an opaque white 
enamel, and ia aoluble in hydrochloric acid, with separation 
of gelatinoua sibca. 

Meionite. 

Ila cryatala are naually four or eight-aided jirisras 
with pyramidal summits, a terminal nnglo of 130° 11', 
nnd distinct cleavage parnllol (o the facca of Ihc jiriam. 
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They are generally trauBlucent, colourless, of a vitreous 
lustre, and brittle. Their hardness is 5' 5 to 6 ; and 
their sp. gr. 2-5 (27,945) to 2-7 (30,180). They readily 
melt into a colourless glass before the blowpipe, and are 
soluble in hydrochloric acid. They occur in blocks of 
limestone at Mount Somma, associated with greenish 
mica, wollastonite, a black garnet, augite, and horn- 
blende. Like sarcolite, it is a silicate of alumina and 
lime. 

SoAPOLiTB (Si/n. Wernerite ; Paranthine ; Ekebergito ; 

Tetraclasite ; Nuttalite.) 

The crystals belong to the dimetric system, and are 
similar to those of meionite. They are usually colum- 
nar, and collected into groups. Some crystals are 
colourless, but others present various shades of grey, blue, 
and red, the deeper colours being most prevalent amongst 
the more impure varieties. The lustre is vitreous or 
pearly, the hardness 5'5 to 6, and the sp. gr. 2*6 to 2*7 
(30,180). When heated before the blowpipe it whitens 
and melts into a glass. It is remarkable for its liability 
to decompose, and for the number of other minerals into 
which it may be altered : the most common pseudomorphs 
after scapolite consist of mica, epidote, albite, and steatite. 
It is found in granitic rocks, and especially in granular lime- 
stones. Amongst its numerous localities may be men- 
tioned Tirlyn and Glenlaheen, in Donegal ; Arendal, in 
Norway ; at Moelsjo and in the province of Wermland, 
Sweden; at Ersby and Storgard, in Finland; and at 
Bolton, in Massachusetts, United States. Atheriastite and 
Algerite are said to be varieties. The latter contains a 
large proportion of wiater and no lime, and is essentially 
a hydrated silicate of alumina. Arcttzite, QvUbbrcnite, 
Paralogite, Glancolite, and Termite are probably scapolite 
in various states of alteration. 

DlPYRE. 

It crystallises in four or eight-sided prisms, which are 
apparently dimetric like those of scapolite. lu lae^U^^ 
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colour, beliavioiir before llie blowpipe, and several other 

characters it resembles scapolite ; but it has a Bomewhat ■ _, 

different ctiemicnl compoBition, baving a. larger propot- _^ 

tion of silica and olkalieB, nnd a leas proportion of lime. ___, 

It is found in an unctuous nrgillite or argillaceous lime- \ ^^ 

Btono at LibareuB, in the Lower Pyrenees, associated with -^^ 

mica aud cblorito ; in an argillaceous limeatono at Potibm, *"^ 

in tUe Higlicr Pyrenees; in a Baocbaroidal limestone at ^^ 

tbebatbs of Aulas; and in n black schist near Angonmet, t** 

in the department of the Ari^ge. *^ 

I COUZEHAKITB. 

I This mineral has nearly the same eompoaition ns 
V dipyre, and it is found in the some locolitioa, but ia rather t" 

I more abundant than that mineral. Its crystalline foim 
has not been clearly made out, but the symmetrical 
octagonal prisms in whicb it occurs are very Bimiiar to ? 

the form of dipyre. Its colour ia usually dark greyish *^ 

black or blue, its lustre is ivaxy, its hardneaa G, and ita ? 

sp. gr. 2-60 (30,0l!S). It resemblea dipyre in the last ^' 

two characters, bb alao in its behaviour before the blow- 

»pipe flame. It is said to be insoluble in acids. ^ 

LiEVBiTE. (Sffn. Ilvaite ; Yenite.) * 

A aiUcate of iron and lime which occurs in trimetrio 
crystals derivable from a right rhombic prism with an 
angle of 112° 36'. The lateral faces of the prism ars 
generally striated in a longitudinal direction, and the , 
strife indicate the direction of easiest cleavage. There 1 
are also hacillar, fibrous, and compact structural varieties. 
The colour ia brown ish-blacic, the lustre resinous or anb- 1 

metallic, the fracture uneven, the hardness 5'5 to 6, and i 

the ap. gr. 3-8 (42,376) to 4 (44,712). It ia easily fused 
into a black magnetic globule, and is entirely decomposed 
by hot hydrochloric acid. Oryatals are abundant and 
sometimes of large dimensions in various parts of the 
isle of Elba, where they are asaooiated with magnetite, 
quartz, and garnet ; and at Zschorlau, near Schneeberg, 
'rm Saxony, they are asaociated with epidote aud angite. 
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FoBSiim and Skeen in Norway, near Andreasberg in the 
Harz, near Predazzo in the Tyrol, and near Bytown in 
Canada, are other localities where this mineral is found. 
Wehrlite, a granular compact mineral from SzurraskO, in 
Hungary, is sometimes regarded as a variety of lievrite. 
Although composed of nearly the same elements as lievrite, 
their proportion is not the same ; this, together with its 
greater hardness, its more difficult fusibility, and its less 
perfect solubility in acids, seems to indicate that it may be 
a distinct species. 

ZoisiTB, {Si/n. Lime Epidote ; White Epidote.) 

It is a silicate of alumina and lime similar to, and pro- 
bably identical with, moionite in chemical composition, 
but with a different specific gravity. It has generally 
been considered as a variety of epidote, but its optical 
properties, direction of cleavage, and other points rather 
indicate that its crystals belong to quite a different system 
of crystallisation, viz., the triclinic. The primary form 
is a rhombic prism with angles of 116° 16' and 63*^ 24:'; 
the crystals are striated on their vertical faces, and are 
generally elongated in the direction of their principal axis. 
The colour is greyish or brownish, sometimes inclining to 
a green or rose tint. Zoisite is translucent ; presents a 
vitreous lustre generally, but a pearly one on the plane of 
easiest cleavage ; and has a hardness of 6*5, combined 
with a sp. gr. of 3-35 (37,336). When heated by the 
blowpipe it swells up, and is fused with difficulty into a 
yellow glass. Acids have little effect upon it, except after . 
it bos been calcined, when it dissolves in hvdrochloric acid 
with separation of gelatinous silica. It occurs in the 
more highly crystalline rocks of the Tyrol, Oarinthia, 
Massachusetts, and elsewhere. 

Orthitb. {Syn, Allanite ; Cerine.) 

It is closely allied to epidote, but is distinguished by 
containing the oxide of cerium and of the metals usually 
associated with it. The crystals are acicular or tabular, 
and belong to the monoclinic system. The colour Vi^ ^^\Vi^ 
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generally pitch-brown or browuiah -black ; tho fracture U 
BDb-concboiJal ; the lustra is resiuous and soniGtimea 
vitreonB ; tho bnrdncsa 5-5 to G ; and the Bp. gr. 3-3 
(3G,777) to 3-8 (42,37G). It swelk up before the blow- 
pipe flame, anti fuecs into a dark-coloured glnss ; and most 
of the varietiea are readily soluble in hydrochloric acid 
with separation of gelatinous eilica. The varieties are 
numeroua ; in some tlie proportion of iron oxides is much 
larger than in others ; and the aamo vncinhility in propor- 
tion occurs in all tho other iaomorphoua constituents. 
This variability in the proportion of constituents affects 
the colour, specific gravity, and some other properties, but 
not the crystalline form. UranorOiite is a black variety 
from Miask, in the Ural ; Xanthorihile is a yellow variety 
containing much water, and of low ap. gr, (2'78) ; Pyror- 
Ihite is a hydratod bituminous variety from Fahlun, in 

Boilcnile ia a closely -allied mineral found in orthoolase, 
near Marienberg, in Saxony. It occura in prisms which 
appear to bo rhombic, and ita chemical composition differs 
Bomowbnt from that of orthito. 

Orthito is found in the granite of Greenland and 
Saxony, as also in the aircon ayeuite and the porphyries 
of Norway. 

Epidote. {Spi. Pistacite ; Bncklandite ; Puahkiuite.) 
Epidote proper embraces the aluminous ferro-calcic 
eilicates UBUally called lime and iron epidotea. The crys- 
tals are raonoelinic, aud, according to Dea OloiBcaux, are 
derivable from a rhombic priem with angles of 69° 66' and 
104° Iff. Tho colour is greenish ; thus pistacHe ia a 
yellowiah -green, ihaUke an olive-green, and other varieties 
present other abadea. The sp, gr. is 3'3 to 35. Tho 
most ferruginous apocimcnfl are gonerally the oasieat to 
fuse. Epidote proper ia common in granite, gneisSj and 
ayeuite : it is frequently asaociated with magnetite and 
with garnet. Bagralionito is a mixture of orthito with 
bncklandite, 

PiEDKOKTiTE is a mnugancBiaa epidote, and is of a red- 
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dish-brown or violet-blue colour, the sp. gr. being 3*4. It 
is found at St. Marcel, in Piedmont, associated with 
braunite and a violet tremolite. Thrdtte, Wiihamite, 
Akanticon, Delphmite, Arendalite, Achmatite, and TaU' 
toltte are the names of other varieties of epidote. 

DiCHROiTB. (Si/n, Cordierite ; lolite ; Steinheilite ; 

Hard Fahlunite ; Peliom.) 

In its purest state, as represented by the crystals from 
Krageroe, this mineral is essentially a silicate of alumina 
and magnesia; but both the alumina and magnesia 
are very liable to be replaced by varying proportions of 
other isomorphous substances, so as to give rise to a 
number of varieties. The replacing substances are per- 
oxide of iron, lime, potash, water, and the protoxide of 
manganese. The crystals belong to the trimctric system, 
and are probably derivable from a right rhombic prism of 
about 12(P, Like various minerals, such as cymophane, 
it occurs in hexagonal prisms, which have been attri- 
buted by some to the hexagonal system. Some specimens 
are colourless and transparent, but the majority are 
coloured with various shades of blue, brown, yellow, and 
grey. Some varieties are dichroic, others are trichroic ; 
thus the Spanish iolites frequently appear to be of a violet 
blue in one direction, of a bluish-grey in another, and of 
a yellowish -grey in a third. Tho fracture is conchoidal. 
the lustre vitreous, tho hardness 7*5, and the sp. gr. 2*7 
(30,180). It is fused with difficulty into a greenish-grey 
glass, leaves a siliceous skeleton when fused with phos- 
phorus salt, and is sparingly soluble in acids. The mas- 
sive variety, from Orijerfvi, in Finland, is known as Stein- 
heilite ; the smoky blue variety, from Bodenmais, as 
peliom; and the transparent blue variety, from Ceylon, 
as the water'Sapphire, This last is used by jewellers, and 
is one of the varieties which show trichroism. Dichroite 
is an essential ingredient in several granites and gneissose 
rocks, in which it takes the place of quartz, and is found 
in Back rocks at Gabo di Qata, in Spain ; ArendsI^ixL "^^^^^ 



960 SILICATES: DICUItOITE. 

w»y : Tnnaberg, in Swejeu ; Haddaia, in Connoctioaf ; 
soil Drill field, in MsBsachuBette. 

The alteratioOB H-bich dichioite undergoes without 
lou of crystslline form genernlly begin with the aubstitu- 
tion of water for magnet a, which is followed by the substi- 
tution of potftsh and soda for the saitio aubatance. It 
depends upon circumatancea what proportions of water, or 
potash, or soda are taken up. Thus iu praseoUie, cTdoro- 
I'h^Uile, esmarkiU, and atptuiolite, water only ia the sub- 
Btance taken np ; while in /ahlunile, uxistite, pyrargilUle, 
and gigantoliCe, both water and alkalies are taken up, but 
the water predominates. In pinile, and in the micas 
which are formed from the alteration of diehroite, water 
and alkalies are the new ingredients, but the tilkalies pre- 
dominate, especially in the case of the micna. Generally 
there ia a far larger proportion of potaali than aoda. The 
alumina is elao liable to be replaced at the eame time, 
hnt the replacing aubstaiice ia nearly always peroxide of 
iron. 

Bm»dorJite ia a bydrated diehroite ; it occurs in green- 
ish-brown crystals associated with unaltered diehroite in 
the granite of Abo, Finland. Esmarkite ia a rather lesa 
highly hydrated variety than bonadorifite ; it ia found in 
iis. or twelve-sided prisms, covered with mica scales, aud 
dispersed through the granite of Norway. It has a 
greenish or brownish colour and a resinous lustre. Chio 
ivphi/Uite contains somewhat lees water than esmarkitc, 
aud a larger proportion of ferric oxide ; its colour is green, 
and its principal localities are Unity in Maine, and Haddam 
in Connecticut. Fahlunite k also n hydrous diehroite 
containing a small proportion of alkalies. It occurs iu 
greenish or reddish-brown prisms in a talcoBO schist near 
Fablun, in Sweden. Weiadte is the same substance, as 
also is the Huronife from Canada. AspasioUie is a diehro- 
ite from the gneiss at Krageroo, in Sweden, in which 
water has replaced the magnesia, PraieoUte is a hydrous 
diehroite associated with esmarkite at £rakke, in Norway. 
The Iberite from iilontoral, in Spain, is probably the same 
as prnseolite. Pi/raTgilUte is an altered Uiebroite from 
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llie granite of Helsingfore, Finland. It is of a dark black 
or liver-brown colour, and has a hardness of 3*5 combined 
with a sp. gr. of 2*5 (27,946), and a dull, earthy appear- 
ance. Liebenerite has been considered by some mineralo« 
gists as an altered dichroite, and by others as an altered 
pinite. It is found in six-sided prisms in a red porphyry 
on Mount Viesena, in the Tyrol. Its colour is greenish 
grey, its hardness 3*5, and its sp. gr. 2*1 (23,473), 

Pinite is a mineral nearly allied to dichroite, and deriv- 
able from it by alteration. It occurs in six and twelve- 
sided prisms, having an indistinct cleavage, and a greyish- 
green or brown colour. The sp. gr. varies from 2*7 
(30,180) to 2-8 (31,298). It dififers from dichroite in 
containing a large proportion of peroxide of iron, potash, 
and water. It is found in granites, porphyries, and peg- 
matites in various parts of Europe and America. Gieseckite 
is a variety of pinite occurring in six-sided prisms in the 
porphyry of Greenland. It is considered by some mineralo- 
gists to be pseudomorphous after nepheline, but its com- 
position and external characters are far more similar to 
those of pinite than of nepheline. Killinite, which has 
some resemblance to spodumene in appearance, approaches 
pinite in chemical composition. 

IsOPYRE, 

This is a silicate of alumina, iron, and lime, associated 
with tourmaline in a quartzose granite at St. Just, Corn- 
wall. It resembles obsidian in having a conchoidal frac- 
ture, a vitreofts lustre, and a black colour. It fiises before 
the blowpipe into a magnetic globule. 

Mica. 

This embraces a group of minerals whose most marked 
common feature is a highly laminated structure ; the 
laminad are brilliant, flexible, and elastic ; they are gene- 
rally hexagonal or rhombic in form, and have an angle 
closely approaching 120°. They, however, present con- 
siderable differences amongst themselves in chemical com- 
position as well as in optical and other p\\^«\Q,«\. ^t^-^^^^*^, 
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All mtcaa arc silicates of alamina and an alkali ; ia one 
group the prcvailiDg alkali is potaaL, and tliesc arc kaown 
03 tbe polash micai ; while in another, magnesia ia the 
prevailing alkali, and these form the group of muffnesia 
micas. Coincident wilh this chemical difference is an 
opticoi one, viz., that while all micas are biaxial, the optic 
angle of the axis is small in the magnesia micas, or from 
5° to 20'^, and large in the potash micai, or from 45" to 75°. 
The former are sometimes called uniaxial, to distinguish 
them from the latter, which are eminently iiaxial, 

Mdbcovite, (fi'yn. Common Mica ; Phcngite ; Muacovy 

The cryBlala are rhomhic or hexagonal in form and 
are probably derivable from a right rhomhic prism with 
anglea of 120° and (JO". They possess a remarkably easy 
basal cleavage, whence they are usually fonnd in flakea or 
lamince, which are generally composed of other lamina of 
extreme tennity. The colour is white, golden yellow, 
metallic brown, red, green, or even olmoat blade. Tho 
lustre is pearly, the hardness 2 to 2'5, the sp. gr. 2-7 
(30,180) to 3-1 (3i,551), and the angle between the ojilic 
axes i5°. to 75°. Muscovite readily fuses into a greyish 
or yellowish glass, and is not decomposed by acids. The 
average chemical composition is 45 per cent, of silica, 30 
to 35 of alumina, and 10 to 12 of potash ; the proportion 
of alumina ia greater than in any other mica. It is 
exceedingly common in crystalline rocks of all ages, and 
is an essential ingredient in granites, gneiss, and mtca 
schists. In these rocks it usually occurs in minute silvery 
scales, but occasionally it forma large plates. It is one of 
the most durable of minerals, and is hence frequently 
found in sands formed from the older rocks. Margarodile 
is apparendy a variety of muscovite, as also adamtilc. 
Lcpidcmiclane is a black scaly potash mica, containing a 
large proportion of tho ferric and ferrous oxides, and yield- 
ing a green glass when fused by tho blowpipe. It ia foim^^^ 
■ at Paisberg, in Sweden. ^^^1 
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Lepidolite. (Syn. Lithionite.) 

Borne of tho potash micas contain lithia, and these are 
generally distingaished as lithia mica. It resembles 
mnscovite in crystalline form and many of its physical 
properties. Its colour is white, yellowish, or rose-red, the 
last being very prevalent ; its lustre pearly, its hardness 
2-5 to 4, its sp. gr. 28 (31,298) to S'O (33,434), and the 
apparent angle between tho optic axes 70^ to 78^. It 
fusep before the blowpipe more readily than mnscovite, 
and is decomposed by hydrochloric and sulphuric acids, 
but not so rapidly as the magnesian micas. The colour is 
due to the oxides of iron and manganese : some mineralo- 
gists, however, restrict the term lepidolite to the varieties 
which contain no iron oxide. Fluorine is present in 
most, probably all, varieties, and caesium and rubidium in 
some. Lepidolite is most commonly met with in metal- 
liferous veins, especially those containing tin, and is 
neaiiy always associated with other minerals which contain 
fluorine, such as fluorspar, topaz, tourmaline, and the 
emerald; it is also frequent in many kinds of granite. 
The more important localities where it is found arc 
Bosena, in Moravia ; Zinnwald, in Saxony ; UtO, in Swe- 
den ; and Mursinsk, in the Urals ; there are other localities 
in France and England. The nacrite from the schists of 
Ooray, in Brittany, as also odite and hostonite, are 
generally considered to be varieties of potash mica. 

Phlogopite. 

The magnesia micas, of which phlogopite is one, are 
generally of a dark colour, and completely decomposable by 
sulphuric acid. They contain a large proportion of magnesia 
and iron oxide, and about 40 per cent, of silica. Phlogopite 
embraces the varieties which have the largest proportion 
of magnesia. It occurs in rhombic or hexagonal prisms 
with an angle of 120^ and a marked basal cleavage, as in 
mnscovite. They are colourless or tinged with various 
shades of brown and red. The angle of the optic axes 
varies from 5^ to 20^. Phlogopite ia <iai^m«J^^ ^Q\cv:«!iW!i.\:fc^ 
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melamorplioflecl limeetonca and dolomiteB, and ia very liable 
to alteration. Il is exceedingly abnndant, and attains large 
dimensions, in the Lanrentian limeatoneB, Itia worked nt 
North Burgeas, where transparent plates are sometiuifs 
found 20 in. by 30 in, in size. It is used for various pur- 
poses, such as lamp chimneys, the fronts of lanterns, and 
the windows of shipa of war. For this latter purpose it is 
especially adapted, since it is not liable to be broken by 
concussion ae glass is. Muscovite is need for the same 
purposes. 

BlOTlTE. 

This includes most of the forro-magnesiftn micas. Its 
crystals are trimetric, and tire generally in the form of 
tahnlar prisms with marked basal cleavage. The colour 
is various, but chiefly shades of green and brown ; some 
varioties are hiack, and others colourless, hut the commonest 
tints ore dark green and pinch beck -brown. The lustre ia 
pearly, the hardness 2'5 to 3, the sp. gr. 2-7 (30,180) to 
ii-l (34,551), and the angle of the optic axes less than 5°. 
It fuses with difficulty into a grey glass, is slightly attacked 
by hydrochloric acid, and completely decomposed by sul- 
phuric ajiid. Biotite and phlogopite ought, perhaps, to be 
considered one species, since their varieties so connect the 
two that no line of distinction can be drawn beyond the 
arbitrary one that the varieties which contain a small pro- 
portion of iron oxide belong to phlogopite, and those 
which contain a large proportion belong to biotite. Biotite 
haa a wide geological distribution, forming part of the 
older granites, gneiss, &o., as well as of the lavas from 
Vesuvius and other volcanoes. The varieties from modern 
volcanic rocks near Naples, Rome, Kaiaeratuhl, and other 
places, are black ; those from Zillerthal in the Tyrol, and 
Bodenmais in Bavaria, arc dark green ; those from Siberia 
and Finland are blackish green or brown ; and specimens 
from Greenwood Furnace, near Monroe, were of a green- 
ish tint. 

Astrophj/llite is a variety containing an unusnal amount 
of ferrous oxide. It ia of a pinchbeck-brown colour, and is 
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found at Brevigni, Norway, in star-shaped groupe of 
crystals. Ruhellan is probably an altered biotite It is found 
in reddish-brown hexagonal opaque pearly flakes, having 
no elasticity. It differs from the micas generally by its 
large proportion of lime, and is found in an amygdaloidal 
rock associated with augite at Schima, in Bohemia, and 
near Tschopau and Planitz, in Saxony. JFuchsite is a 
variety containing 6 per cent, of chromic oxide. It has 
a bright green colour, and is found at Schwarzenstein, in 
the Tyrol. A chromiferous variety, probably identical 
with fuchsite, is found at several localities in Canada, as 
at Bolton, Sutton, &c, 

Leucite. (S^n, Amphigene ; White Garnet.) 

A silicate of alumina and potash, usually represented 
by the formula, K^O. AljjOg. 4 SiO^ = Silica 55-68, alu- 
mina 23*16, and potash 21*26. The potash is usually 
more or less replaced by soda. The crystals belong to 
the monometric system, and are nearly always of the 
peculiar form known as the leucitohedron, a twenty-four 
sided crystal with trapezoid faces. They are frequently 
rounded and grouped together into granular masses. 
They possess imperfect cleavages parallel to the faces of 
the cube and of the rhombododecahedron ; the colour is 
dirty white or smoke grey ; the fracture conchoidal ; the 
lustre vitreous, but in altered specimens dull ; the hard- 
ness 5-5 to 6; and the sp. gr. 2*4:8 (27,721) to 2*49 
(27,833). It is infusible before the blowpipe, and does 
not yield water, in which point it differs from garnet and 
analcime ; when heated along with a solution of cobalt it 
is coloured blue. When powdered it is completely soluble 
in hydrochloric acid. 

Leucite is confined to the more modern volcanic rocks, 
such as the lavas of Vesuvius and Etna, and the leucite rock 
at Eoccamonfina, in the Albanian Mountains ; at Eieden, 
near Andernach ; and at Bohmisch-Wiesenthal, in the 
Erzgebirge. It is unknown in the older rocks, but as it 
is frequently altered into kaolin, nepheline, and sanidine, 
which do occur in the older volcanic rocks, it \& ^^^\^'«k^ 
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fliat iheae minerala indicate the former existence of leticite 
in theeo rncks when ejected. 

Berzelin of Saiissnre ie a mineral from Bomo of the 
olUer volconic rocka at Lnlie Albano, in Italy. It occqw 
in grey octahedrons, hnving the sp. gr. and chemical com- 
poBition of leucito. It is probably allied to it, but differs 
in yielding water when heated, and in being fnBible before 
the blowpipe. Its crystals have also been found in tlio 
ncpheline dolerite at Meiches, Oberhessen. This name 
has also been applied to seleuido of co])per {bcrzeli anile), 

NEi[[f;L[NE. ((5^11. Sommite; Paeudosommite; Oavolinilc; 
BenUoutite.) 
A silicate of alumina, sodn, and potasli, which crystal- 
lises in prisms belonging to the hexagonal system, and 
having a terminal angle of 139'^ 19', It is a transparent or 
translucent white or yellowish mineral, the histre of which 
is vitrcons, the fracture conchoidal, the hardness uS to C, 
and the ap. gr. 2-5 (27,946) to 2-6 (29,062). The masiiive 
varieties are called elasolite, and are marked by a greasy 
luitre and vnriona shades of green, grey, blue, and red. 
Nepheline is not easily fused into n glass before the blow- 
pipe, but cloiolito is ; while both are entirely decomposed 
by hydrochlorio acid with separation of gelatinous silica. 
Both are readily altered into zeolites, such as berg- 
mannite. 

Kcphcline and elfcolite occur in many different kinds of 
volcanic rocks, as, for instance, in old lava at Aicb, near 
Andernach ; at Mount Somma, where it is associated with 
moionile, idocrase, and hornblende ; at Capo di Bovo, near 
Rome, where it is associated with mellilite ; and nt Val di 
Nolo, in Sinily ; in baaalt at Kaiscrstuhl ; and in the 
nepheline dolerite at Katzenbuckol, in the Odenwald ; 
near Meiches, in Hessen ; near Tichlowitz, in Bohemia; 
at the Lobaner Berg, in Upper Laiisatia ; and other 
localities. Eloiolile is found in the zircon syenite of Bre- 
vi£^ and Fredericks warn, in Norway ; in the miascite near 
,, Miaak, associated with mica, a\tco^\, &ti. ■, va. V\3iaii.i^ 
L nnd variom [mrta of the TJnitcA SlaVca. wM 

m w ^1 
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Davyne is a variety containing a little water and cat- 
bonate of lime. Cancrinite is also a variety containing 
carbonate of lime, found near Miask, in the Ural ; at 
Mariinskaja mine, in the Tunskinsk Mountains, Siberia ; 
and at Litchfield, Maine, United States. Its sp. gr. is 
2-4 (26,827), and its hardness 5 to 6-5. 

Felspar. 

This name is given to a group of minerals which arc 
inferior to quartz only as a constituent of rocks. The group 
may be divided into two sections, of which the first will 
comprise those which crystallise in the monoclinic system, 
and which have the cleavage planes inclined towards 
each other at an angle of 90° ; and the second such 
as crystallise in the triclinic system, and cleave in two 
directions, which intersect at an angle of less than 90**. 
The first section comprises one species only, viz.; 
orthoclase, and the second albite, oligoclase, labradorite, 
and anorthite. The first section is called by Dc- 
lesse orthose, and the second anorthose, which may bo 
freely translated by right-angled cleaving felspars, and not 
right-angled cleaving felspars. Other broad points of 
distinction will be readily perceived on reading the 
following descriptions. The species are arranged accord- 
ing to the quantity of silica they contain, beginning with 
the least highly silicated. It will be noticed that as the 
silica increases the specific gravity diminishes, being 2*76 
(30,851) in anorthite, with 43 per cent, of silica, and 2*59 
(28,961) in orthoclase, with 64*8 per cent, of silica. It 
will also be noticed that those containing the smaller 
proportion of silica are soluble in acids, while those 
having the larger proportion are generally insoluble. 
There are other points of contrast, but we cannot men- 
tion them here. 



Anorthite. (Oa : Al. SiO^, or Silica =43 ; Alumina 

= 37 ; Lime - 20.) 

Its crystak belong to the tticVmV^i «^«X^TCi^ wAx^^^^ 
cleave in two directionB incliued at Wi Wi^^ ^^'^ ^^ ^ 
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Tliey tire newly always grouped in twins or nuclei, ae in 
klUite. It is IranapareDt and colonrless, or trandiicent attd 
grejiah or teddiBli. Ita lustre is vitreous, its fracture con- 
choidal, its hardness 6 to 7, and its sp, gr. 2-66 (29,733) 
to 2-78 (31.C71). It is fusible by tbe blowpipe flame, 
although with difficulty, and it is completely soluble iu 
Blronjt hydrochloric acid without separation of gelatinoua 
silica. It is generally more or less altered, the aluinina 
being replaced by ferric oxide, and the lime Ity inag- 
ncsia, soda, potash, and water. It has been found in 
the lavas of Iceland, and of the island of S(. Euatache, one 
of l!io Antilles; in lavas of greater antiquity at Mount 
Soinma; in the orbicular diorite of Corsica; and in 
several meteorite stones, such as those which fell at 
Stannern, Moravia, in 1808, and at Jnvenas, near Ar- 
d6che, in 1821. It has also been found in the island 
of Prooida, near Bogoslowib, in the Urals, and in 
Java. 

There are many minerals which approach anorihite ia 
composition, and which may be regarded as moTo or less 
altered varieties. Am}ihodelUe is a reddish-grey variety 
fromTunaberg in Sweden, and Logi in Finland. Inditmite 
is a white or roseate variety from a mica schist in India. 
Bi/tovmile is an impure variety from the diorite of Ya- 
maska Monntain, in Canada. Polyargtte is a rose-red 
variety from Tunaborg. Lindeayile and Lepolite are 
found at Logi and Orijarfvi, in Finland. Other varieties 
have been recorded under the names of Latrobilc, Ro- 
lellan, Sundv^kite, and WiUonile. 

We may notice here the dmilarity in the formula; 
assigned to anorthite and grossularia, especially as the 
two minerals differ considerably in epecifio gravity. 
This is mainly due to the alumina predominating in tlic 
lighter mineral, and lime in the heavier one. In pure 
anorthite the aluminiam would be combined with three 
tiracs as much oxygen as the lime Thus, there being 
two atoms of oxygen in the bases, the calcium would 
satisfy one-fourth, and the aluminium three -fourths, of 
tlie whole quantity of oxygen; while in grossularia the 
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aluminium and the calcium satisfy equal proportions. 
This might be represented by formulsa thus : — 

Anorthite . . . . ^ Ca Al. Si04. 
Grossularia . . . . Ca ^ Al. SiOi* 



Labradorite. (2 Ca : Al. SigOio or Csg 0. Al^Og. 3 SiO„ 
or Silica = 63 ; Alumina = 30 ; Lime =^17, Si/n. 
Labrador Felspar.) 

The above formula represents that of a pure lime 
felspar or labradorite, but few native felspars approximate 
to the proportions given. The nearest is the scolerexose 
from Pargas, in Finland. The usual composition is 3 
parts of lime to 1 of soda instead of lime only ; that is, 
about 12 per cent, of lime, and about 5 of soda. The 
crystals, which are generally not well defined, cleave 
readily in two directions inclined at an angle of 86® 26', 
and are commonly found in twins or aggregated clusters. 
The usual colour is ash or greenish grey, but it is fre- 
quently various shades of green, yellow, and red, and 
sometimes the smaller crystals are colourless. The lustre 
is vitreous, inclining to pearly or resinous, the fracture is 
glistening, the hardness 6, and the sp. gr. 2*6 (29,062) to 
2*7 (30,180). In the Inbrador rock of North America and 
elsewhere it is characterised by its brilliant iridescent 
tints and striated appearance, due to the hemitropic 
arrangement of the crystalline plates enclosed in the mass. 
It is fuLsed with greater facility than oligoclase, and when 
powdered is entirely decomposed by hydrochloric acid. 
It is particularly liable to alteration, the change effected 
being in most cases the replacement of alumina by ferric 
oxide, and of lime and soda by potash, magnesia, and 
water. 

Labradorite enters largely into many of the rocks be- 
longing to the basic group, or such as, like labradorite 
itself, are poor in silica and rich in the earthy oxides. It 
occurs in the porphyries of the Vosges and of Scotland ; 
in the hypersthenites of Labrador, Isle of Skye, and else* 
where ; in euphotide; in basalt; and in the lavas from Etna 
and Vesuvius. 
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Voiffiie is an altered labradorite. The noma Saussitrtle 
boa been applied to bo many different minernis, that U 
BCarceljr conveys any definite mcaniag ; bat some of tlie 
BpecitnenB bo called are probably dtered labradorho ; 
while Others are nlUed to meiouite and zoiaite. 

lIvAi,oi-iuNE. (Btt : K, Alj Si,0,j.) 
This is a baryta-potoah felspar fonnd in the dolomite 
of the BinuentbHl, in the Yalais. It is traDspareut and 
colourless when pure ; its hardness ib aboat 7, and it3 
sp. gr. 2-7 (30,180) to 2-8 (31,298). This specific gra- 
vity is greater than in the previous feJspars, althongh it 
contains a higher proportion of ailica. This exception 
to the rule alluded to under Fblbfas is necountcd for by 
the presence of the heavy oxide baryta, Hyalophauu 
cryalfllliscs in the nionoclinic aystem, and its crystala 
rcaemhle those of adularia. 

Oligoclabe. (Si/n. Soda Spodumene.) 
This IB a Boda-lime felspar, which in the best crvs- 
talliaed apeeiraens containa about G3 per cent, of siliua, 
1'2 lime, S'i soda, and the remainder tdntnina. The pro- 
portion of silica is generally below this in apecimeua 
containing a larger quantity of lime than indicated above, 
but it increaflcfl in proportion na tliere ia more soda, until 
some varieties are scarcely distinguiahable, according to 
composition, from certain spccimena of albite. Indeed, pure 
oligoclaae has considerable resemblance to albite, and was 
formerly confounded with it. Its crystals are tricliuic. 
The directions of the two cleavages make an angle of 
86° 45', The colour is generally whitish or greyish, 
with shadefl of green and yellow ; the fracture is con- 
choidal; the luatiu is vitreoua on some faces, atid alightly 
reainons on others ; the hardness G ; and the ap. gr. 2-58 
(28,833) to 2-69 (30,068). It ia more easily fiised than 
albite or orthoclase, and is not decomposed by acids, 
except when the lime predomiuulea over the soda. It 
enters as a conalitnent into many kinds of granite, syenite, 
porphyry, (rachytes, and is also found in gneiss, mica 
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schist, diorites, leptynite, and other rocks. Its priDcipol 
localities are in Sweden, Norway, Finland, the Alps, 
Belgian), Saxony. 

Andesine is frequently considered to be a distinct 
species in consequence of its containing rather less silica 
and rather more lime than oligoclase, but according to 
Deville, Eose, Bisohof^ and other eminent chemists, this 
difference is not a constant one, being well marked in 
specimens which are evidently the most altered, and dis- 
appearing in such as have bright faces and sharp outlines, 
the latter being in all essential respects oligoclase. It 
occurs in the trachytes of the Andes and the Caucasus, 
and in the syenites of the Vosges. Unionite is in the 
hypersthenites of Canada, probably a highly soda-bearing 
variety of oligoclase. It is found in the granite of 
Unionville, Pennsylvania, associated with euphyllite and 
corundum. Hafnefjordite is a variety from lava near 
HafneQord, Iceland, in which lime largely preponderates 
over the soda. 



Albitb. (Na : Al. SigOg or NagO. AlgOg. 6 SiOj, or 
SUica = 69-3 ; Alumina = 19-1 ; Soda = 11-6. Syn. 
Cleavelandite ; Soda Felspar ; Tetartine ; Periclin.) 

It differs from common felspar or orthoclase in the soda 
being more abundant than the potash ; in its crystalline 
form being triclinic, not monoclinic ; in its cleavages 
being anorthic ; in the greater tendency of its crystals to 
form twins, which is accompanied by another character, 
that of striations on certain fractured surfaces ; and in 
several other points. It is colourless and transparent, or 
translucent, and various shades of red, yellow, green, and 
grey. The lustre is vitreous generally, but pearly on the 
cleavage faces ; the hardness 6*7, the sp. ht. '190, and sp. 
gr. 2-59 (28,951) to 2*65 (29,621). Its behaviour before 
the blowpipe is similar to that of orthoclase, but it is 
somewhat more easily fused, and it gives a more distinct 
yellow tinge to the flame. Acids have no effect upon it. 
The soda is more or less replaced by potash, lime, fU2L<i\£L^'il^- 
nesia, and tho alumina by ferric o^ivie. \t \& W)::^^' 



[ 



278 SILICATES: OIlTHOCLASli, ^^ 

gnwite, diorile, jxirpiijry, hoi'nbleude slate, and gneias. 
It is associated n'ith magoelic iron in the quartzoee slate of 
Wnrtaburg ; with chlorite and qnarta in the Taunua elates 
at KOnigstein Burgberg ; with calcspar in quartz dykes at 
rinbo and Broddbo, in Finland ; with ortboclaee in granite, 
ns in Pompey's pillar ; with asbeatos, axiuite, and chlorite 
in the diorito at Bareges, in the Pyrenees; with epidoteand 
gurnet at Arendnl ; and with eudialyte and hornblende in 
Greenland. ,It is also occasionally met with in compact 
limestone. It is not so common as ortUoclaae, 

There are numerous varieties. Those of an opaque 
white colour are sometimes called jien'c?iVi, or lofti'te schorl; 
the compact reddish variety is sometimes calledjufrosifex ; 
Marline embraces tho Bpeoimene showing traces of 
cleavage in four directioua, Periitcrile is a variety from 
Perth, in Canada; and ht/posrlerite ia an impure variety 
from Arendal. 

Ortuoolasb. (K^ Ai. 8i,0g or K,0. Al,Oa 6 SiO„ or 
Silica = 64-8 ; Alumina = 18-4 ; and Potash = 16'8. 
Si/n, Common or Potash Felspar.) 
It belongs to the monoclinlc system, and its crystals are 
derivable from an oblique rhombic prism with an obtuse 
angle of 118" 52', which cleave readily parallel to the 
and to the kli no -diagonal, as indicated by 
Uhe dotted lines in Fig. 63. The directions of 
these two cleavages intersect at right angles, 
I character which nfforda a ready meana of dis- 
tinguiBhing orthoclaae from the other felapara, 
especially albite. The modified crystals have 
a great variety of forms : soraetiraea they are 
short prisms, aa in Fig. 5J- ; aumetimes they are 
elongated in the direction of the principal 
axis ; and sometimes they are tabular. Twin 
cryatala are frequently met with, but thia 
feature is not so common as in nibite. Occa- 
sionally four crystala are grouped into a crosa, 
ng.u. as in the adularia of St, Qothard. The purest 
specimens are colotirleaa and transparent, but in those 
■'ii'cli ate altcied various ehadcB o^ giov, TcA,Rivi ^ttca 

■ 
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are met with. The Instre w vitreous on all the faces 
except those of perfect cleavage, where it is jtearly. The 
fractare is conchoidal, the hardness 6, the sp. ht. '183, 
and the sp. gr. 2-4 (26,827) to 2-6 (29,062). It is with 
difficulty fused by the blowpipe (on the edges only) into a 
semi-transparent glass ; and it does not impart a strong 
yellow tinge to the flame, although a slight tinge is given 
by some varieties containing soda. Acids have no effect 
upon it. It occurs in granite, gneiss, syenite, felspar- 
porphyry, slates, and many other rocks ; sometimes it is 
in crystals, sometimes in compact masses, sometimes in 
veins, and sometimes in drusy cavities. It is largely 
developed in the older Laurentian rocks. In the Lake 
Superior region it has been noticed under circumstances 
which imply its aqueous origin. It is found in minute 
reddish crystals associated with native copper. Its 
appearance is not that of a felspar, but of stilbite, for 
which it has been mistaken ; however, its chemical com- 
position and crystalline form show it to be orthoclase. It 
is intimately connected with the zeolitic minerals which 
form a larger portion of the gangue of the cupriferous 
veins of the district. At one part of the district ortho- 
clase and analcime are always associated, and are 
frequently so situated that both must have been forming 
at the same time. At another place the orthoclase is 
associated with natrolite, and in others with quartz, 
epidote, and calcite. It is very liable to alteration by 
water acidified by carbonic or by sulphuric acid, and 
by water that is alkaline. The change generally consists 
in the loss of alkali and the assumption of water, the 
result being the formation of hydrated silicates of 
alumina, such as kaolin, pholerite, halloysite, bole, and 
clay ; but sometimes it consists in the partial loss of both 
silica and alkali, the result being its conversion into other 
felspars, and into mica. 

Its varieties are exceedingly numerous. In structure 
it may be either crystalline, globular, lamellar (as in the 
Petuntze of the Chinese), granular, or earthy. There are 
also several varieties in colour. Thus AdvXarxQu \^ ^^ 
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irnnspareDt oolourleas cryatola from St. GotharJ aud 
otiicr monntninons ^atricte. It is asBOciateil with hyaline 
qimrlz, tourmatiue, lutile, nuatnse, asbeatos, prehuite, 
chlorite, and other minerals. Some epecimens have a 
peculiar bluish opalescent refleotlon, which has caused it 
to bo used by jowellere, who call it vioonitone. Fine 
examples of thia kind have been brought from Mount 
fit. Gothard and Ceylon. Some of the epecimens of 
oligoclaae from Siberia, having the eame appearance, arc 
also included in this term. Valcnciaitile ia the namo given 
I to some spocimenB from Valonciana mine, Mexico. Loxo- 
I c/a« is a variety with unusually distinct cleavage. Some 
upeeimena of orthoclaae from the zircon syenite of Norw.iy 
have iridescent tints somewhat similar to those of Inbra- 
dorite. Amazon Hone is a green variety coloured by 
oxide of copper, and is found in the Ural Mountaina. 
Aventurinc fehpar is a green variety which has embedded 
in it minute epecksof specular iron, which reflect a coppery- 
red or golden-yellow light. Smslone is a similar variety. 
Some specimens of oligoclase from the neighbourhood of 
Archangel have similar internal reflecting points, 

Common orlhoclase is the opaque, or translucent, white, 
greenish, or reddish variety which enters bo largely into 
granites, syenites, &c. Its locaUties are too nnmcroiis to 
mention, but Baveno in Piedmont, Chndleigh in Devon- 
shire, Arendnl in Norway, Elnbogen in Bohemia, Ala- 
baechkn in the Ural Mountains, Jlossie in the State of 
New York, the Mourne Mountains in Ireland, afford fine 
crystals. Samdine, or glasii/ fdspar, ig usually found in 
, volcanic rocks, such as trachyte and basalt. Some speci- 
mens of it from Vesuvius are called Rh^acolUe and 
Ice«par. Petrosilex is a compact felspar largely mixed 
mth quartz and other minerals. It forms the base of 
loptynite and many porphyries. The term la also often 
applied to certain Epecimens of alhito and oligoolnao, 
BauHle, or Krahlitc, also seems to he an orthoclaso 
largely mixed with quartz. Adinolc is a reddish trans- 
Jiiceni petroaUex from SaWbetg, vn^weiio. Necvmviift «^^ 
a variety nJifch emits a fetid uiom w\\ea s,\.-raiA>.. Qb^l 

fc.. 1 
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terlite is from Chester County, Pennsylvania. Murchi- 
sonite is a flesh-red variety from Heavitree, near Exeter. 
Leelite, or Hdleflinta, is a similar variety with waxy 
lastre from Gryphyttan, in Sweden. Variolite is a dark 
green variety from the river Drac, in France, MicrocUn 
is from Arendal. Perthite is from Perth, in Upper 
Canada. WeUngite is a rose-red or flesh-red variety 
which is found in the form of laumontite in the Kilpatrick 
Hills of Scotland, and elsewhere. Its sp. gr. is 2*5. 

There is a group of amorphous minerals which enter 
more or less largely into the ejections from volcanoes, 
and which, from their resemblance in chemical composi- 
tion to one or other of the felspars, may be noticed here. 

Obsidian {Si/n. Volcanic Glass ; Marekanite) is a sub- 
stance resembling in external appearance a black glass. 
It breaks with a conchoidal fracture of large curvature, 
and yields sharp cutting edges. In the mass its colour 
is generally very dark, but in thin layers the colour appears 
blackish-green, greyish, or brown, and is accompanied by 
a certain degree of translucency. As it is derived from 
the fusion of various kinds of rocks, its composition is 
inconstant, and its characters are also variable. 'The 
proportion of silica ranges between 60 to 80, and that of 
alumina, which is nearly always the next most abundant 
:ngredient, between 9 and 19. The hardness is about 
6 or 7, the lustre vitreous, and the sp, gr. 2*2 (24,4:91) to 
2-6 (27,946). When heated by the blowpipe it swells, 
froths up, and ultimately yields a white enamel. The 
Mexicans formerly used it for knives, in the same way as 
flint was used by the older inhabitants of Western Europe. 
Feh's Hair is a capillary variety from Hawaii. 

Pttchstone (Si/n, Retinite) has a conchoidal fracture and 
a resinous lustre. The colour consists of various shades of 
grey, green, yellow, and red ; the specific gravity scarcely 
differs from that of obsidian. When calcined it yields a 
little ammoniacal vapour, and, with stronger heat, yields 
a grey enamel. Its principal loc«i\l\ft% wi^ ^^jssJys^iw^ \a. 
France; Treibischthal, Plaixitz, aii^ oV^cl^x ^^^^'^^ ^sv 
Saxony; Santa NatoUa, in 8arei\\iv«w\ m ^\>x.%w 
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Iceland, Siberin, Mexico, and Peru; and 
localities in Scotland and Ireland. 

Pearltlonc (Sj/n. Perlite) differs but little 
from eome obeidianfl ; Eome varieties, however, are faaible, 
wbilc othera are iafusible, by tho blowpipe, a difference 
due to cettaiii secondary ingredients prevailing in some 
and not in otlicr Bpecimens. The pearlatoaes are built up 
of A number of suall apheres, wbich have occBBioually a 
pearly appearance and a concentric atmctnre; but in 
Bome inBtanceo their atruotore is radiated. The latter 
variety of pearlstone is eometimes called ipJunrtdite. 

Pumice is like obsidian in compoBition, but ueunlly con- 
tains a larger proportion of eoda and potaeh. Its strnc- 
ture ia widely different, being remarkably poroua ami 
spongy. It is hard, eaaiiy rednced to powder, and miicli 
employed for polishing marble, glass, metal, wood, and 
other materials. It abonnda in certain volcanic districts, 
aa at Veauvina, Herculaiieum, Pompeii, Lipari Islands, 
Teneriffe, Hungary, Auvorgno, and elsewhere. Graphic 
granite and leojiardite are of a felspathic nature, but are 
rocks rather than minerals ; a remark wbicli equally 
applies to obsidian, pitchstone, pearlstone, and pumice. 

BronuHENE. {Syn. Triphane ; KiUinite.) 
Tbia and the succeeding mineral are arranged close to 
the felspara by some mineralogista ; but there are several 
points which seem to connect them with the augites, anch 
aa crystalline form and chemical conatitution. Thns 
spodnmene may be expressed by the general formula 

(Li ; Na), AIj Si^Oij, which, when divided by 4, and on 
the supposition that litliiaia the only alkali present, would 

become Li : Al SiOj, which corresponds to the constitu- 
tion of the augites, as also of hyalophane amongst the 
felspars. The theoretical percentage compoailion, accord- 
ing to the above formulie, excluding the aoda, would he 
silica 64-3, alumina 27'7, and lithia 6, which approximates, 
closely to the analyses of the purer specimens. These, 
hon'over, are never quite free from alteration, but contain 
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potash, soda, and magnesia, in place of some of the lithia. 
The crystals are ohlique rhombic prisms with angles of 
87^ and 93*^, and with distinct cleavages parallel to the 
prismatic faces and to the short diagonal. These angles, 
it will be noticed, are the same as those met with in the 
augites. The crystals are rare, the usual mode of occur- 
rence being in laminar masses. These plates have an 
apple-green^ or greenish -grey colour ; a pearly lustre on 
the cleavage faces, and a vitreous one on the others ; an 
uneven fracture ; a hardness of 6*5 to 7 ; and a sp. gr. of 
3-2 (35,669). When heated before the blowpipe it im- 
parts a slight reddish tint to the flame, which is brightest 
in the specimens containing the least soda. When fused 
with carbonate of soda onplatinum it leaves a dark yellow 
stain. Acids have no effect upon it. 

It is found in gneiss associated with pctalite at Utoe, 
in Sweden ; in granite at Killiney, near Dublin ; and at 
Peterhead, in Scotland; in mica schist at Goshen, in 
Massachusetts, associated with tourmaline ; at Chester 
and Norwich, in the same State. The crystals from the 
last-mentioned locality are remarkable for their size and 
their resemblance in form to diopside. Some crystals 
from Chesterfield, Mass., are thirty-five inches long. 

Petalite. (Si/n, Castor.) 

The formulae proposed to represent this mineral are ex- 
ceedingly various, and the simplest we have seen in books 
is perhaps 3 (MgO. 2 SiO^) . 4 (Al^ Og . 6 SiOg) ; but it is 
more simply expressed by the formula LigO. AlgOg 8 SiOg, 
which is analogous to the formula of a highly silicated fel- 
spar. And this maybe reduced to the still simpler expression 

■ 

Li : Al. Si^Ojo, which would give the percentage compo- 
sition of silica, 77*6; alumina, 16*7 5 and 5*5 lithia. The 
lithia is always partially replaced by soda, or lime, or 
magnesia. Its crystalline structure is unknown, for as 
yet it has been found only in laminar and amorphous 
masses, which afford cleavages in three directions, the 
angles between which are 142^', 117°, awd IQV , ^Vi^^ 
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BrcLAtK. <G1 : AL SO,. + 11,0- Sj/n. Prismaj 
Emerald.) 

Thia, like tbe preceding mineral, is a silicate cf alamina 
and glncina, but di0ers from >t in beiag hydrated. It 
appears to have the chemical constitntioii of a garnet, but 
it differs from gamcta in ita crystaUiue form, which is a 
modified m on oclinic prism with angles of 115° and 107*37'. 
The prisms are always short, with the faces marked with 
vertical striie, and with a remarkably easy cleavage. 
Some specimens are transparent and colonrless, others 
translocent and yellowish, greenish, or bluish. Tbe 
loatre is vitreous, the ftactnre conchoidal, the hardness 
7-5, and the sp. gr. 31 (34,551). \Yith the blowpipe 
thin splinters are with difficulty fuaed into a white 
enamel; it does not melt when heated with borax or 
phoaphorns salt, and it is insoluble in acids. 

Eiiclase woa at first found only in the mica schiats of 
Brazil; associated with hyaline qnartz and topaz, and was 
for a lime an exceedingly rare mineral. It has become 
somewhat less scarce since its discovery at Trumbull, 
Connecticut, aasocinted with topaz, fluorspar, nnd mica ; 
in the Ural Jlountaina, associated with kyanite, topaa, 
corundum ; and since its artificial formation by Danbrce. 

Kaolin. (Sjn. Porcelain Eartb.) 

This can bardly be considered a distinct mineral 

— "?/'es^ inasmuch as it is the product of decomposition of 
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felspar and other minerals, and never occurs in any crys- 
talline form of its own. Moreover, its composition varies 
somewhat according to the source from which it has heen 
derived. In many cases it answers to the formula 
AljOg. SiOg + 2 HgO.^ In all cases it is a hydrated 
silicate of alumina, and its usual source is felspar. It is a 
friahle, aoft suhstance of a white, yellow, or flesh-red 
colour, and capable of resisting the highest heat of a porce- 
lain furnace. It usually contains more or less silica in an 
uncombined state. The sp. gr. is 2*2 (24,691). The 
kaolin of Cornwall is derived from the decomposition • of 
granite ; that of St. Yrieux from the decomposition of 
gneiss; and that of Passau from the decomposition of 
granulite. Kaolin is almost entirely from the older 
felspathic rocks, while clays, which are impure hydrated 
silicates of alumina, are generally derived from younger 
rocks. 

Halloysite. (Sj/n. Halloylite; Halloyte.) 

A hydrated silicate of alumina, which resembles ordi- 
nary clay in many points, but differs from it in containing 
rather more water when simply air-dried. It occurs in 
white or bluish -white amorphous masses, which break 
with a conchoidal waxy fracture, and when purest is 
translucent at the edges. It adheres to the tongue', does 
not fall to pieces when placed in water, and is decomposed 
by sulphuric acid, with separation of gelatinous silica. 
The heat of the blowpipe renders it hard and opaque white. 
It is found in diluvial clay at Ecogne, in the department 
of Ardennes ; in tertiary strata at Champagne and Milo ; 
in some of the metalliferous lodes containing iron, man- 
ganese, lead, and zinc, near Li^ge and Namur, in Belgium; 
and in various localities in Central France. It is pro- 
babl}' derived from the decomposition of alkaline silicates 
of alumina, most frequently a felspar. The halloyaites 
differ somewhat in their composition, and cannot be re- 
presented by any single formula ; but those from Belgium 
and Central France so far resemble one another that they 
may be represented by 2 (Al^Oa^ ?^ ^vO;^ -V ^^4:^ 
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when nir-ilncil; a formula which poiDta to their origin 
from potash felspar, i.e. orthoclaae. The mode of deriva- 
tion is by the action of carbonated waters, the carbonio 
acid of which combines with the potash to form Bobibla 
carbonate of potash ; at the eamo time the silica beJn^ 
released, remains uncomblned, while the place of the 
potoflh is takeu by water. If the action is slow, the Bilien 
is carried off in solution, bnt if fast it remains separated as 
qnarte. This explanation will apply to many other bodice 
which more or leas resemble elny, 

LrraoMAKOE, or Steinmark, is a clay-like Bubstance of a 
white, yellow, red, or bluish colour. It has a greasy feel, 
a conchoidal fracture, a shiny streak, a hardness of 2 to 
Z-5, and a ep. gi'. of 2-5. It adheres to the tongue, 
hardens when heated, and somctimcH becomes phospho- 
rescent. It is found in veins traversing granite, associated 
with quartz and topaz. TeraioUte is a variety of litho- 



Delakqvite is by some mineralogists called a variety of 
halloyaile, and'by others a variety of bolo. It is a reddish 
amorphous substauce, which has an earthy or splintery 
fracture, a waxy lustre, and a hardness of about 1. It 
adheres to tbo tongue, is slightly plastic with water, is 
infusible, and is decomposed by sulphuric acid. It is 
found at Michoo, in France, It contains 50'S per cent, 
of silica. Montmorilhniie and Severile appear to be 
identical with Delcmovile : the only difference is tbo colour, 
which in the first is reddish, due probably to the oxide of 
iron present; in the second absent; and in the last is 
reddish, due to protoxide of manganese. All threo appear 
to ba derivable from orthoclase by reduction of silica and 
substitution of water for potash, 

Leneiiiite is a Lydrated siUoate of alumina, of which 
there are said to be two varieties, one opaline, with asp. gr. 
of 2-1 (23,i73), and the other argillaceous, sp. gr. 1-8 
(20,120). It is found at the KaU, in the Eifel ; and at 
La Vilate, near Chanteloupe, in France. Tho Bpecimons 
from tho ibimer locality are white ; those from the latter 
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A clear brown. It is reddened, bat not fased, by tlio 
blowpipe, and is decomposed by sulphuric acid. 

Nertschinskite, Melop8ite,Mak7uictte, Glag€rUe,Ora%oitzite^ 
GlossecoUite, are the names for minerals which are usually 
regarded as varieties of halloysite. 

AUophane is a hydrated silicate of alumina which has 
an op^ine appearance, a conch oidal fracture, a variable 
colour, being sometimes white, and at other times green, 
blue, brown, or black. It is infusible, but loses its colour 
when heated. It dissolves readily in dilute acidsy and 
deposits gelatinous silica when treated with concentrated 
acids. It occurs in the chalk-pits at Oharlton, near 
Woolwich ; in the chalk at Chislehurst near Bromley, and 
at Beauvais in France; at Eichmond, Massachusetts; 
at the Bristol copper mine, Connecticut, United States ; 
at Northampton and elsewhere. It usually occurs as a 
lining to the small cavities in marl or chalk. 

SchroUerUe is a hydrated silicate of alumina, with about 
42 per cent, of water, and 10*5 per cent, of silica. It is 
amorphous ; the colour is greenish, yellowish, or brownish; 
the lustre vitreous; the fracture conchoidal; the hard- 
ness 3 to 3*5, and the sp. gr. 1*95 to 2*05. It is infusible 
by the blowpipe, but when heated becomes first opaque 
and white, then lavender-blue, and lastly again opaque 
and white. It is soluble in hydrochloric acid with separa- 
tion of gelatinous silica. It is found near Freienstein, 
in Styria ; and in a dark-coloured bituminous slate near 
the faUs of Little Biver, in Alabama, United States. 

DiUnite is a hydrated silicate of alumina, with 20 per 
cent, of water and 23*5 per cent, of silica. It is white, 
earthy, and opaque. It adheres to the tongue, has a 
hardness of 1-8 to 2, and a sp. gr. of 2-57 (28,727). It 
forms the matrix in which diaspore is found at Dilluy 
near Schemnitz. 

KoUyrite is a hydrated silicate of alumina, with 40 per 
cent, of water and 15 per cent, of silica. It is a soft white 
earthy substance. It adheres to the tongue, has a hard- 
ness of from 1 to 2, and a sp. gr. of about 2 (22,356). 
When placed in water it beconiQA ttvci^-^^x^XiV^ ^scw^ 

o 
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crambles down. It ia Boluble in scide iviih separation of 
geUtinou3 silica. It is found in tlie lead mines at 
Esqnerra, in the PjTanees ; in veins traversing porphyry 
near Schemnitz, in Hungary ; ami in a variegated sand- 
itone near Wissenfela, in Saxony. 

Scarbroile is a liydrafed silicate of nlumina, with 41 
per cent, of water and lO'S of eilica, whicli ie very aicuilar 
l9 Schrotteritc. AJthough similar to it in clicmical com- 
position, the phyaical properties differ in several points. 
It is of a pure whito coloar, devoid of histre, breaks with 
a conchoidal fractnre, and has a hardness of 2, and a sp. 
gr. of 1-48 (IC,543). When immersed in water it 
neither becomes translucent nor crumbles down. It is 
found near Scarborough, Yorkshire, in a calcareous rock. 

Sole is a hydratcd silicate of alnmina and iron, of a 
somewhat variable composition, but generally containing 
about 42 per cent, of silica and 24 per cent, of water. 
It contains also a large amount of ferric oxide, which 
gives it its yellow-rod or brownish-black colour. It is 
soft and greasy, translucent or opaque, adheres to the 
tonguo, and falls to pieces with a crackling noise when 
immersed in water. The hardness is 1-6, and the sp. gr, 
1-4 (15,649) to 2 (22,356). Itie fused with facility into a 
greenish enamel. It closely resembles balloysite in its 
chemical composition, the principal difl'crenca being the 
presence of ferric oxide in bole. The differences in phy- 
sical properties also appear to be mainly due to the pre- 
sence of this oxide. Halloysite does not fall to pieces 
when placed in ivaler, but it absorbs the water with 
evolution of air bubbles ; the same action ocenrs in bole, 
and is followed by its crumbling down. The difference 
appears to bo rather of degree than of kind. The easier 
fusibility of bole is to he attributed to the ferric oxide. 
Bole is found iu clay slate or basalt at Sasebuhl, near 
Gottingen; at Stolpen, in Saxony; nt the Brechto Berg, in 
Silesia ; at tho Giant's Onuaeway, in Ireland ; and at other 
localities. The Irish bole ia aometimes called eriaite, a 
name also used for arseninte of copper, ,^^^ 

. fUiithite is a hvdrated silicate of alumina and it^^M 
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with about 31 per cent, of silica, 19*6 of water, and 26 of 
the protoxide of iron. It is of an opaque brick-red colour; 
the lustre is dull, the fracture flat conchoidal, the hard- 
ness 2-75, and the sp. gr. 2*35 (26,258). It is blackened 
by the blowpipe, but not fused ; and is found at Down 
Hill, Antrim, and in a reddish rock at Little Deer Park, 
near Glenaur. 

Anaitxite is a hydrated silicate of alumina and magnesia, 
with about 55 per cent, of silica and 11'5 per cent, of 
water, from Bilin, in Bohemia. It is of a greenish-white 
colour, and has a pearly lustre, a hardness of from 2 to 3, 
and a sp. gr. of 2-26 (26,262). 

Rocksoap is very similar to halloysite, but has a dark 
brown colour, and falls to pieces when immersed in water. 

Cimolite is a hydrated silicate of alumina found 
abundantly in the island of Argentiera, called Oimolos by 
the ancients. It is of a light greyish-white colour, and 
breaks with an uneven fracture. Its lustre is greasy, and 
its sp. gr. is 2-1 (23,4:73) to 2-3 (25,699). When 
placed in water it breaks down into thin flakes. It 
contains about 63 per cent, of silica, and 12 per cent, of 
water. It is found at Alexandrowski, in Bussia, and 
peeudomorphous after augite in basalt at Bilin, Bohemia. 
PeUkanite is a variety from decomposed granite at Kiev, 
in Russia. Hunterite is probably another variety from 
coarse granite near Nfi.gpur, in Central India. Pali" 
gorskite is probably allied to cimolite. 

Pyrophyllite is a hydrated silicate of alumina, contain- 
ing about 65 per cent, of silica. Its formula is 2 AlgOg. 
9 SiOg. 3 HgO. It occurs in foliated talc-like masses of 
a white, green, or yellow colour, and with a pearly lustre. 
It is flexible in thin laminae ; its hardness is 1 ; and its 
sp. gr. 2*7 to 2*8. When treated with the blowpipe it 
swells up into leaf-shaped masses, which have a bulk twenty 
times what they originally had. It is partially soluble in 
sulphuric acid. It is associated with kyanite, rutile, and 
quartz in a hsematitic rock at Graves' Mount, in Georgia; 
it is also found at Oottonstone Mountain, in SotitK C^t^- 
Una; at Westana, in Sweden; at Spa, \lv'&^^^sc«!^^ "wA. 

2 
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B Piachminak, in the Ural Mountains. Some of tlia 
utolitea clOBely reaemlilB pyrophyllite in chemical 
■position. 

Wokhontkoile is a greeniBh earth which has the oapect 
and coQBtitation of clay. It ia a hydrated silicate of iron 
and obiome, and is compoacd of about 37 per cent, silioo, 
22 per cent, water, and the remainder mostly ferric and 
chromic oxides. It has a flat conchoidal fracture, a hard- 
ness of 2'fi, and a sp. gr. of "'2 to 2'3. It adheres elightiy 
to the tongue, and diasolvca in strong hydrochloric acid 
with separation of gelatinous silica. It is fonnd at 
Okbansk, in the government of Perm, Russia, Chrome 
ochre ifl a name Bometimes given to native chromic oxide, 
and BomctimeB to the clay which containa it. This clay 
has a green colour and a dull earthy appearance, and a 
sp. gr. of 2*7. The chromic oxide ia generally only the 
colouring principle, as in the specimens from Creuzot ia 
France, Mortenherg in Sweden, Bileaia, and Piedmont ; 
but at Unst, one of the Shetlanda, the incruatation on the 
chromic iron ore is mainly composed of chromic oxide, 
and like the chromlferous clays, is called ehromo ochre, 

Uranophane is a. hydrated ailicate of uranium, com- 
jKieed of about IG per cent, of eitica, 14 per cent, of water, 
and fiO per cent, of oxide of nranium ; the remainder con- 
sista of alumina, hmo, magnesia, and other substances. 
It ia a compact, apparently amorphous, greenish moss, 
but is really made up of a number of microscopic acicular 
or hexagonal prismatic crystals. The hardness ia about 
3, and the ap. gr. in pure apecimeus 2-78 (31,074), 

NoKTitOKiTB. (Fo,0,. 3 SiO, + 5 11^0, or Peroxide of 
Iron = 3?3 ; Silica = 41-8 ; and Water = 20-0.) 

Thero are a number of minerals which arc cither 
hydratod perailicntes of iron or hydrated protosilicatea of 
the same metal. They are generally more or less che- 
mically and mechanically impure, so that it ia exceedingly 
difficult to ascertain what properties and what proportion 
of couBtituenta are to be nasigned to any definite mineral 
tpccicB. A nontronite from Andreasijerg niuilyaed by 

J . 
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fiiewend is a pure mineral having a composition answer- 
ing to the formula given above. In other specimens the 
alumina^ ferric oxide, and water have been partially re- 
placed by alumina and magnesia. It has an opaline 
earthy appearance, a translucent or opaque straw- 
yellow or siskin-green colour, a dull lustre, a splintery 
fracture. It is soft to the touch, and when immersed in 
water becomes transparent and gives off air bubbles. The 
hardness is 2 or 3, and its sp. gr. 2 to 2*3. It is infusible 
by the blowpipe, but when heated with it, it decrepitates, 
turns first brown, then black, and becomes magnetic. It 
gelatinises in acids. It is found in reniform masses at the 
manganese mines of St. Pardoux, near Nontron, in 
France ; also at Montmors, near Autun ; and at Andreas- 
berg, in the Harz. 

Gramenite is a hydrated persilicate of iron, in which 
a large proportion of the ferric oxide has been replaced 
by alumina, protoxide of iron, (&c. Disregarding these 
substitution substances, the mineral appears to answer to 
the formula FegOg. 3 SiOg + 6 HgO. Its colour is grass- 
green, and from this it gets its name. This colour is 
probably due to the small quantity of protoxide of iron 
which it contains. Its lustre is greasy, its hardness 1, and 
its sp, gr. .when dried 1*87. It turns brown when slightly 
heated. It is decomposed by acids. It is found at Men- 
zenberg, as also at Smallacombe, and is formed by the 
decomposition of a felspathic rock. It presents a certain 
similarity in percentage composition to halloysite, which 
may be due to its having originated in a somewhat 
similar way. A six-atom silica potash felspar, when de- 
prived of four atoms of its silica, becomes — potash, 26 per 
cent. ; alumina, 34*2 per cent. ; and silica, 39*8 per cent. 
Halloysite, which is probably such a felspar with water in 
the place of potash, has the composition — water, 26*5; 
alumina, 34; and silica, 39*5 per cent. Gramenite maybe 
compared to an halloysite having ferric oxide in the 
place of alumina. According to the formula above given, 
it would consist of water, 24 ; ferric oxide, 39 ; and siliftQ.^ 
40 per cent. 
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Chiorcpcd is a hydrated persilicote of iron of variable 
compoBition according to the analyaea publiahed. There 
ara said to Le two varietioB, one of wliich breaks with n 
cODcLoidal fracture, wLile the other ia earthy and friable. 
Some of the epecimenB of the former appear to be non- 
tronites mixed with a little opal. They have a pistachio- 
green colour, a ep.gr. of 2-15, andahardneasof4'5. Tha 
peculiar green tint wonld seem to imply that some of the 
oxide is ferrous oxide. It tarns black when heated by the 
blowpipe, and is soluble in hydrochloric acid with aepara- 
ralion of silica. It is found in Hungary and near 
Gottingen. 

Finguilt resemblefl chloropal, but differs in containing 
forroufl oxide, and rather less silica. Its composition may 
probably bo represented by | Fe,0,. ^ FeO. 2 SiO, + 
5 11,0. It is found in maasea, having au oil-green colour, 
a resinous lustre, a greasy feel, a hardness of 1, and a 
sp. gr. of 2'3 (25,01)9). In its genera! behaviour towards 
acids and the blowpipe flame it resembles chloropal. Il: 
occurs in veins of heavyspar traversing gneiss at 
Wolkenstein, in Saxony; at Tannhof, near Zwickaa ; and 
at Suhl, in the Thnringerwald, 

Anthotiderite is a hydrated persilieate of iron fonnd at 
Miuas Geraoa, in Brazil, associated with magnetite. lis 
colour is yellowish -brown, and it is fusible by the blow- 
pipe into a black magnetic slag. 

Carpholite. 

This is a hydrated silicate of alumina, manganeae, and 
iron, having a straw-yellow colour, a silky or pearly 
lustre, a hardness of 6, and a sp. gr. of 3'9 (33,416). The 
crystals occur in tufts, arranged in radiating or stellar 
groups, or in rhombic prisma with angles of 111° 27 
and US" 33'. These angles approach those found in the 
epidote group. Oarpholite boils up when heated witli 
the blowpipe £amc, and fuses into a brownish glass. 
It is found in granite in the tin mines of Schlaggenwal^^ 
''1 Sobomia. ^^| 
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Prbhbite. {S>/n. EonphoUte ; Edelite ; Cfailtoaite.) 

It crystalliseB in forms derivable from a right rhombic 
prism of 99° 56'; the cryatala are generally flattened or 
tabular, but are rare in ac isolated etatc, usually occariing 
in aggregated clumps having a rounded lenticular or 
bivalved-abell form. Frebnite also occnre in nodules 
having a more or leas fibrous atrnctnre. The colour ie in 
moat cases greenish, the powder, however, being white ; 
the lustre is vitreous, and slightly pearly on the basal face ; 
the hardnesH is 6 or 7 ; and the ep. gr. 2'8 (31,298) to 3 
(34,43i). It is pyroolectrical, gives off water when 
heated, and melts before the blowpipe into a white or 
yellowish blebhy glass. Hydrochloric acid has little 
effect upon it before calcination, but readily disBolves it, 
with separation of gelatinouB silica, after calcination. It 
is a hydrated silicate of alumina and lime, and may be 
represented by the formula Al,Oa, SigOi, + aq., or as 
Rammelsberg expresses it (2 OaO SiOg + Al.Oj. 8iO,) 
+ aq. It is found in numerous localities where such 
rocks as granite, diorite, euphotidc, syenite, and mica 
Bchist occur, and the minerals most frequently associated 
with it are qnartz, adulaiis, albite, epidote, and datholite. 

Hatrolitb. (Si/n. Needle Zeolite ; Mesotype.) 
It is a hydrated silicate of alumina and soda whose 
primary form is a rhombic prism of 91". The crystals 
are frequently acicular,and 
arranged in fibrous diver- 
gent tufts, as indicated in 
B^g. 66. The cleavage if 
perfect parallel to the 
vertical faces of the pri- 
mary form ; the fracture J 
conchoidal ; the lustre 
vitreous; the colour white, 
greyish, reddish, or green- 
ish ; the hardness 5 to 5-5 ; and the sp. gr. 2'17 (24,2 
2-26 (26,160). When fresh from \te ■msiWi.T. v-a -w«J« ^ 
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combination \e given off at abont 4G0^ F., and it bccomca 
milky and opaqne. Bpccimens tliHB treated regain their 
water on cxpoanro to tbe air, but not tboir transparency ; 
and this vrntcr is driven off at a heat aoiDCwbat leea thnn 
400° P. Ilefore the blowpipe natrolito melts into a 
greetiisb or colourleas glass, and readily gelatiuiaea wiili 
ociaH. 

It is usually found in nodular niflBeeB, bnving a fibrous 
raiiinliiig structure, in baaaltB, pbonolite, dolerite, and 
eituilnr rocks, aeaociatcd with otlicr KColitcs. It is rare 
in the more highly eryetallino rocks, but has been met 
witli in the zircon syenite. It occurs in many places in 
the Anvergne district, tbe Alps, Hungary, Tranaylvania, 
Scotland, Ireland, &c. There are several vnrietieB. 



SooLEOiTE. (Sjii. McBolite ; Keodlo Stone.) 
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This waa at one time confounded with natrolite, v/m 
ia a soda zeolite, whereas scolecitc is a lime zeolite, 
having its own distinctivo charactiirs. Ita primary form 
ia an oblique rhombic prism of 1)1° 22'. The cryatala are 
always in twins, and two of their contiguous facoa arc cha- 
racterised by oblique striie. The cleavage is the same as 
in natrolite, as also the fracture and biatre. The crys- 
tals arc colourless, have a hardness of fito 5'€, a sp. gr. of 
2'2, and are pyro electric. They boil np, twist and 
curl like a worm, fuse readily before the blowpipe, and 
yield gelatinous silica when treated with hydrochloric 
acid. 

The well-deiined transparent crystals are rare ; the 
beat oocnr at Bemfjord in Iceland; Nioderkirchen in 
Bavaria, Poonah in India, Cachapual in Chili, as also the 
islands of Mull, Staffa, Skye, and Faroe are amongst ita 
other localities. 

Thmnsonile is a lime-soda zeolite with characters 
differing little from those of the two preceding minerals. 

Stilbitb. (Si/ii. Desmin ; Eadiated Stilbite.) 
ItB primaTy form ia a right rhombic prism with an 
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angle of 94^ 16'. The cleavage is distinct parallel to the 
larger face shown in Fig. 57, which face is >^=^ 
always striated. The crystals are semi-trans- ^ \ 
parent, sometimes colourless, and sometimes 
tinged of a light yellow or red tint, but the 
powder is white. The fracture is uneven ; the 
lustre vitreous on most of the faces, but pearly 
on that of easiest cleavage ; the hardness Fig< ^7. 
3-6 to 4 ; and the sp. gr. 2;1 (23,473) to 2*2 (24,591). 
It resembles selenite in its flat tabular form, in its trans- 
lucency, and in its readiness of cleavage ; the two may 
be easily distinguished by their different degrees of 
hardness. Stilbite loses about 19 per cent, of its weight 
when heated to redness, boils up under the blowpipe, and 
readily fuses into a white enamel. Hydrochloric acid 
dissolves it with separation of pulverulent silica. It is a 
hydrated silicate of alumina and lime, and may be 
represented by the formula AlgCa SigO,, + 6 HgO, 

which, if simplified, would be Al : Ca SigOg + C H,0, 
or a hydrated labrador felspar. 

Stilbite is found in many rocks and localities ; amongst 
others in amygdaloid in the Faroe Islands, associated with 
apophyllite, mesolite, and heulandite ; at Elirkpatrick, 
Scotland ; Antrim, Ireland ; at Theiss, in the Tyrol ; 
and at many other places. 

Heulandite. 

Its primary form is an oblique rhombic prism with an 
angle of 136° 4'. The lustre is vitreous on all the faces 
but that of easiest cleavage, which is pearly ; the colour 
of the crystals is white, grey, yellow, brown, and red, 
while that of the powder is white ; and the hardness and 
sp. gr. essentially the same as in stilbite. It behaves 
much like it before the blowpipe and towards acids ; is 
found in the same rocks, being frequently associated with 
it; and is, like it, a hydrated silicate of alumina and lime. 
Its formula differs in containing 1 atom less of wateic. 
Epit^UbUe is a soda-containing vatlety. 

o 3 
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HjIiiuotuhe. {%»■ Cross Stone; White Hyaclntii; 
Morvenite; Andreolite.) 

The primary form is a right rhombic prism of 124° i7', 
and the oryatals are frequently arranged in the form of 
a cross. The lastre is Tilreoua ; the coloar of the crystals 
white, yellowish, brownish, or reddish, that of the powder 
being white ; the hardness i'S ; and the sp. gr. 2'i. 
When healed by the blowpipe it becomeB white anil 
fi'iable, and melts with difficulty, on the edges, into a 
Be mi -Iran spa rent glass. It dissolves in hydrochloric odd 
with separation of pulverulent silica. It is a hydrated 
silicate of alumina and baryta corresponding to the 
formula Ba Al, Si^O,, + 5 H,0. 

Its crystals are aln'ays macled. Fig. 53, and are chiefly 

found in veins traversing crystalline sohiBtn 

^ associated with galena, blende, quartz, bary- 

I tine, itc. ; it also occurs in aphanite at 

I Preibram in Bohemia, and Hrnschau in 

/ Silesia ; in trachytes at Marienberg in 

Bohemia ; in an amygdaloid at Oherstcir, 

Fig. 68. Dumbarton in Scotland, and Vicenza iu 

Venetia ; and in basalts at Schuna and Hauenstein in 

Bohemia. 

Phiilipbite. (Si/n, Christianito ; Lime Harmotome.) 
The primary form is a right rhombic prism of 111° Iff, 
and, as in harmotome, the crystals are frequently grouped 
together crossways. Tlie lustre is vitreous; the colour 
is absent, and sometimes bluish, greyish, or yellowish; 
the hardness i'S; and the sp. gr. 2'17 to 2-20. It swells 
up and fuses into a white enamel under the Iicat of the 
blowpipe flame, and gelaliniaes with acids. It occurs in 
cavities in basaltic rocks and old lavas as small colourless 
translucid crystals, which are frequently grouped together 
iu radiated agglomerations; ns, for instance, nt a locality 
naar the Giant's Oanseway, in Ireland; at Ann erode, near 
Qleasen ; at Oapo di Bove, nearltorae ; and at several other 
phcca. It IS quite distinct from gismondine both in 
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chemical composition and in optical properties. It is 
a hydrated potash-lime silicate of alumina, somewhat 
analogous in composition to a leucite containing lime plus 
5 atoms of water. Thus leucite is KgO. AlgOg, 4: SiO, 

or K : Al SiO, ; and phillipsite is K : Ca : Al SiO, + aq., 

or Kg : Oa O. Al.Og. 4 SiO^ + 5 H,0. 

Laumonitb. 

It is a hydrated silicate of alumina and lime, crystal- 
lising in yellowish columnar crystals derivable from an 
oblique rhombic prism with an angle of 86^ 16'. Its 
lustre is vitreous, but sometimes pearly on the face of 
easiest cleavage ; the colour of the crystal white, some- 
times slightly tinged with yellow, grey, or red, and that 
of the powder is white. Its hardness is about 3*5 when 
fresh from its matrix, and its sp. gr. 2*29 (25,597) to 2*4 
(26,827). Some specimens lose about 1 or 2 per cent, of 
water when exposed to the air, become opaque, and 
crumble to pieces ; but others do not undergo this 
change. It may be prevented, though not always, by 
giving them a coating of gum arabic; but the best 
preservative is a damp atmosphere. It resembles the 
other zeolites in its behaviour before the blowpipe and 
towards acids. It is found in basaltic rocks, in syenite, in 
porphyry, in mica schists, and other crystalline rocks, and 
is usually associated with various zeolites, such as prehnite, 
as also with calcspar, orthoclase, epidote, and ripidolite. 
The formula assigned to it is OaO. AlgOg. 4 SiOg + 



4H,0. 



Analcime. {S^n, Oubicite ; Sarcolite.) 



It crystallises sometimes in cubes having the angles 
modified as in Fig. 17, PI. I., and sometimes in forms such 
as would result if these modifying faces were extended 
until they intersected, as represented in Fig. 18, PL I. 
The formula for analcime is NagO. AlgO,. 4 SiO, + 
2 HgO. It is found at various localities \il \^^ii^^ «sA. 
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doleritic rocks, associated with othor zeolites, sucli as 
mcsotype, npophyllite, chabaaite, &c. ; it is alao found in 
tlio plntonic rocks, sncli as zircon -syenite, and gneiee. Tbo 
lurger crystals are generally of a rosy Liie, and occur in 
various parts of the AIjh in molaphyre ; at Dumbarton 
and other places in Scotland ; at Glenarm and other places 
in Ireland ; and in olher countries. The smaller ones are 
usually brilliant and transparent. Analcime bccomca 
electrical when rubbed ; ils hardness is about 5, and its 
8p. gr. is 2 to 2-2. 

Chababite. (^^11. Phacolite.) 
Occura in obtuse rhomboliedrona with an angle of 
04° 40', eomotimes muiiified ou the terminal edges. 
They are transparent and colourleaa, or tiuged i^ith 
red and yellow. Ita hardness is 4'5. and its sp. gr. 2'1. 
It is a hydrated silicate of alumina and lime, and ita for- 
mula is CaO. AIjOj. i SiOj + G H,0, so that it differs 
chemically from laumonite by containing a little more 
water. Haydcaite and AcadioUte are varieties. 

Pbnnihe, 

The name Chlorile was formerly applied to a group of 
minerals having certain characters in common which are 
now usually considered to bo three distinct species, under 
the names of pennine, clinochloTe, and rijndolile. The 
primary form of pennine is an aeute rhombobedron with 
an angle of 65° 28'. It occura in small transparent 
crystals and in thin plates. The lustre is vitrcoua, with 
n slight inclination to pearly on the boaal faces. The 
colour is a dark green on the faces of the larger cryatala, 
and light green on their bases ; while the powder ia a 
greeniali white. The hardncaa is 25 on the baaal face, 
and about 3 on the other faces ; and the sp. gr. is 2'G5. 
Before the blowpipe it exfoliates, whitens, and melts with 
diflicnlty into a greyish enamel. It is soluble In hydro- 
chloric neid when powdered, and after long boiling. It is a 
hydrated silicate of alumina and magnesia, and ia generally 
foand in flasociatioa with garnets and idocrasc in chloritic 
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BchiBt and serpentinons rocks. Lenchtenbergite is chemically 
very similar to pennine, and appears to be a psendomdrpb 
after tnlc. 

Clinoohlore. 

The primary form is an oblique rhombic prism with 
an angle of 125° 37'. In colour, hardness, specific gravity, 
behaviour before the blowpipe and towards acids, and 
chemical composition, it closely resembles pennine. It 
differs in containing a larger proportion of alumina. 

RiPIDOLITK. 

It is not known to what crystallographical system this 
mineral belongs, but it is usually found in hexagonal tables, 
having a remarkably easy cleavage parallel to the base. 
They occur as thin greenish flakes in various schists. 
Their hardness is 1 to 2 ; and their sp. gr. from 2*78 (31,074) 
to 2*96 (33,086). When heated by the blowpipe they melt 
on ihe edges into a black magnetic slag. They are fre- 
quently found on crystals of adularia and quartz, or lining 
cavities in gneiss. The principal localities are St. 
Qothard; Greiner, in the Tyrol; Gumuch-Dagh, in 
Asia Minor, associated with emery ; Bute, in Scotland ; 
and in North Carolina. It is a hydrated silicate of 
alumina and iron. 

Agalmatolitb. (St/n, Bildstein.) 

A name given to a variety of soft minerals on account 
of their having been employed by the Chinese as a mate- 
rial out of which to carve grotesque figures. They have 
the common characters of being hydrated silicates of 
alumina, containing variable proportions of potash, soda, 
or substances isomorphous therewith. The chemical com- 
position of the Chinese variety is represented by the 
formula 9 SiO,. 3 Al^Oj. K,0 + 3 H,0. The variety 
from Nagyag has the same composition ; while that of the 
variety from Ochsenkopf, in Saxony, is expressed by the 
formula 9 SiOj. 3 Al^O,. 2 M»0 + 3 H,0, in which 
M, denotes a certain proportion ot ^o&xav, ^^\»a«n2 
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MidMi, AT BagMMBH. "nov am aewnl lainerals, mcb 

wiijl^iliii. liiiifMi. Hiliiii.Miil ■mfi'rii. ■liJiliil Iji ii 

MaUe (b« agakuioEMa i> MaMfifAdrpfayncal properties 
l«t Umv "H*^"'** coBpovtioB >■ diffeRDL Agmfaiutolite 
W ben fenkd is Bi^od, Wtles, ud Irdud. 

TocwiAUK. (ij«.Seii<irl; Bnbellite; Apjrilc.) 
Tht (oamialiDes ve « group of miaenls whicli, nitii 
Uic Mine c/>-sUfiiiie Jonn and optical propeniee, present a 
great variety aa regard* colour, apecific gravity, behavioar 
towanld the blowpipe, and the proportions of their con- 
ititneiitj. They all contain abont the same amount of 
aluDitaa and silica, bnt they differ in the proportion of thi 
secondary oxides. 

The primary crystalline Ibrm is an olEose rhombohc- 
(Iron with an angle of 133" 8', and the derivative fomis 
arc remarkable for their bcoiihedral modificstione, in 
which only one-half the full namber of faces are ehoivn, 
\V1icn all the six faces of the primary rhombohedron are 
present three of them are striated, while the other three 
are smooth. When the prism re- 
presented in Fig.fi9 ifl developed, 
the three alternate faces of the 
summit are larger than the others. 
Fig. 60 ifl another form of cry eta] . 
Tourmaline has a hardness of 
about 7'5 ; au uneven or imper- 
Fig. S9, Fig. 60, fectly couchoiilal fracture ; and a 

sp. gr. ranging from 2'9 _(32,il(;) to 3'2 (35,669). There 
aro vnrieties of form, varieties of colour, and varieties dis- 
tinguished by difiorencea of chemical composition. Itam- 
melsberg has formed five groups, viz. (1), the magnesian 
[oiirmallneBjWhichcontainaconsidcrable proportion of mag- 
nesia, and are gcncrnlly of n yellowish or brownish colour ; 
(2), t\\e fen-o-magnesian, tourmalines, in which the propor- 
tion of tlie ferric oxide is rather lees titan that of magnesia ; 
(3), the iron tournialines (schorl), in which tbo oxides of iron 
largely preponderate over the magnesia, and whose colour 
is ncnrlv blnck j (i), the iron-maiiganete-Utliia tourmaliaaifl 
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which usually have a blue or green colour ; and (5), the 
manganese'lithia tourmalines (rubellite), which contain no 
iron, and whose colour is frequently roseate or deep red. 
Chemically, tourmaline may be considered to be a boro- 
silicate of aluminium and of magnesia, soda, or lithia. 
The alumina may be partially replaced by ferric oxide, 
while the magnesia and soda may be partially replaced by 
ferrous oxide or the protoxide of manganese. 

It is eminently pyroelectric, and often shows marked 
dichroism; thus, specimens are yellowish-brown in one 
direction, and green in another ; or dark brown in one 
direction and greenish -blue in a second; and others offer 
additional variations. Some crystals, such as those of Elba, 
have the two summits of different colours, such as green 
and blue. Again, some crystals are transparent when 
looked through in a direction at right angles to the axis 
of the prisms, but opaque when looked through length- 
wise. Most varieties intumesce before the blowpipe, and 
yield slags varying in colour from white, through shades 
of yellow, green, and brown, to black. The red manga- 
nesian varieties exfoliate, turn opaque, and become white. 

Tourmaline is widely distributed. It is generally 
found in granites, mica schists, and gneiss ; also in dolo- 
mites and granular limestones. Colourless tourmalines 
occur at St. Gothard and Isle of Elba; red ones in 
Siberia, at Paris in Maine, United States, at Chester- 
field and Goshen in Massachusetts, in Saxony, and Peru ; 
yellow varieties at. Imfield in the Binnenthal, and at 
Fitzroy in Canada; brown varieties in Spain, United 
States, Canada, Styria, and Ceylon ; green varieties in 
Saxony, Moravia, the Alps, United States, Brazil, Mada- 
gascar, and Ceylon ; blue varieties (indicolite) in Sweden, 
the Ural Mountains, the United States, and Brazil ; black 
varieties at various localities on the Continent, at St. Just 
in Cornwall, at Bovey Tracey in Devonshire, and in 
America ; Cornwall also has the colourless kind. 

AxiNiTE. {Si/n, Thumerstein ; Yanolit ; Glass Schorl.) 
This mineral usually crystaDiaea m n^tj ^^ cJ^sS*^^ 
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tricliuio iiriems. Its lustre ia vitreous, its colour in 
brow nieb -purple, pearUgrey, and aometimeB greenish in 
the cryelalline atate, but alwoya white when powdered. 
It is more or less polycliroic, being cinnamon -bTOT\Ti, 
violet-blue, or olive-green, according to the direction in 
which it is looked through. The violet tint occurs ns a 
bar interrnpted at the point where it intersects one of the 
nptic nxes. The hnrdnesfl ia 6'fi to 7, and the sp. gr. 3'2. It 
ia pyroelectric, readily melts into a pearly -green glasH whicli 
blackens if held in the oxidation flame, and ia soluble 
after fusion in hydrochloric acid, with separation of 
gelatinous aiUca. It ia a boro-sillcnte of alumina and lime. 
It occurs ill crystals and small lumps in granite, gneiss, 
mica schist, diorite, and is nsaociated with quartz, ortho- 
close, olbitc, epidote, tourmaline, and ripidolite, which 
lost often penetrates it so as to give it a green tint, Fino 
specimens have been brouglit from St. Chriatophe, in the 
department of the Isero. ^9 

Datholite. ^H 

The primary form is an oblique rhombic prism, with 
anglea of 76° 36' and 89° 5G' ; and the crystals are usually 
very small and brilliant. The colour is greyish, greenish, 
or reddish white, the loatre vitreous, the fracture imper- 
fectly conchoidal, the liardnesH 5 to fl'5, and tho sp. gr. 
2-8 to 3. When heated in a tube it gives off water ; 
and with the blowpipe it swells up before melting into a 
green glass. The presence of boron is indicated by its 
colouring tho flame a yellowish-green, which phenomenon 
is an exceediugly delicate test for boron, provided copper 
is known to ho absent. It readily dissolveB in hydro- 
chloric acid with separation of gelatinous silica. Its 
formula, according to Raramelsberg, is CaO. BjOj-f OaO. 
2 mo + aq., or that of a hydrated boro-silioate of lime ; 
it may also be represented by the simpler expression 

U:Cn:HSiO,. It generally occurs in basaltic rocks, 
and is found m the Kilpatrick Hills, Salisbury Craig, and 
" itorpbino Hill, in Scotland ; at Arendal, in Korway ; 
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at Monte Catini, in Tuscany ; near New Haven, Oonnec- 
ticut, United States ; and in other localities. Botryolite 
ie an amorphous variety of datholite, and contains rather 
more water. It is found at Arendal associated with 
magnetic iron, tourmaline, hyaline quartz, and calcspar. 

Lapis Lazuli, {^f/n. Ultramarine.) 

It crystallises in the cubic system, but the only forms 
yet found are the rhombic dodecahedron and the ordinary 
dodecahedron. It is, however, seldom met with in the 
crystalline state, but generally forms compact masses, with 
a laminated structure in some of the granular limestones 
which traverse granites and argillaceous schists. These 
masses are usually associated with iron pyrites and mica. 
It is feebly translucent, and possesses a characteristic blue 
tint, which is probably due to some combination of 
sulphur with sodium and iron. The lustre is vitreous, 
but very dull, the fracture is uneven conchoidal, the hard-* 
ness 5*5, and the sp. gr. 2*3 to 2*45. It fuses before 
the blowpipe into a white glass, and when powdered, 
readily dissolves in hydrochloric acid, with the loss of its 
colour and the separation of its silica in a gelatinous state. 
This mineral was formerly the source of ultramarine blue, 
but large quantities of this substance are now made artifi- 
cially at a far cheaper rate than it could be obtained from 
the native mineral. Many French writers call this mineral 
lazulite, but this term is usually applied to another blue 
stone, which is a hydrated phosphate of aluminium and 
magnesium. Lapis lazuli is not a distinct mineral 
species, but is a mixture of several. It is found in Persia, 
Thibet, Bokhara, China, and in the Argentine Kepublic 
of South America. 

Hautnb is similar to lapis lazuli in its crystalline form, 
its blue colour, its hardness, and indeed in most of its 
properties, but its specific gravity is a little higher. It 
appears to be a silico-sulphate of alumina, soda, and lime, 
analogous to sodalite and nosean. 

SoDALiTB is a silicate of alumina «ixiv\. ^Ql^ ^^\si^\sv^^ 
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with cUoride of sodium, and may be represented by the 
foimula Na,O.AIA3SiO,+NaCl, or more simply bj 

Na : AL SiOj, with a variable qaantitj of chloride ot 
sudiom. It crystaUiaoa in rhombic dodecahedrons, which 
may bo more or less modified by the faces of the cube or 
trapojiohedron. It is sometimoa colourlces, and Gome- 
timcs groon or azure blue. The hardness is 5'5, and 
ttio sp. gr. 3'29 to 2'36. It fuses into a colourluss gloss, 
It was originally found in Greenland, associated wit^ 
garnet and arfwodsonite ; but it haa since been found 
at Mount Vesuvius, and in many ancient lava BtreaniB 
and metamorphio rocta. The blue varieties have been 
found in the Ural Mountains, in Norway, and in the 
United States. SodaJite or nopheline are invariably 
present in tho Tesuvian lavaa erupted between 1631 
and 18C8. 

Ifoacan is closely allied to hauyno and sodnlite, and 
lite them is chiefly found in eruptive rocks. 
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A. silicate of alumina and manganese, containing a 
large proijortion of vanadic and arsenic acids. It 078- 
tolliseain trimetric forms. Hardneaa 6'7; sp. gr, 5 62; 
colour yellow to yellowiah-brown ; thin splinters ai'e 
translucent and dichroic, being red in certain direc- 
tions. Very brittle. It fiises with ease to a black glass. 
Found near Ottrez, in the Ardennes, with c[uartz and 
albite. 

HAtraHTOSITE. 

Dr. Heddle has given this name to certain minerals 
which wore or would have foi-merly been assigned to 
biotite. It chemically differs from the more lypical 
biotites by the iron being mainly in the ferrous condi- 
tion, and by the subordination of the magnesia to the 
oxides of iron. It occurs in the older Scotch granites, 
gneiss, and diorites, forming tough highly-luatied 
black scales, having a sp. gi-. of about 3. Some of 
crjatala are a foot or more in length. 
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Hydrobiotite. 

By exposure to the atmosphere biotite sometimes 
passes into the hydrated form, for which the name 
hydrobiotite has been proposed. The alteration is 
accompanied by a change of colour from black to brown. 
It bears the same relation to biotite as margarodite 
does to muscovite. As brown biotites have often been 
recorded, it is probable that hydrobiotites may be found 
at most of the localities where these have been mot 
with. 

Barylite. 

It is a baryta felspar, crystallising in groups of pris- 
matic crystals, having a more or less tabular habit, and 
cleaving in two directions which form an angle of about 
85®, indicating that they belong to the triclinic system. 
Hardness 7 ; sp. gr. 4*03 ; lustre greasy ; colourless, and 
semi-transparent. It is infusible by the blowpipe and 
insoluble in acids. It is associated with mimetesite in the 
crystalline limestone at Langban, Wermland, Sweden. 

MiCROCLINE. 

This name was formerly given to a variety of ortho- 
clase. An examination of some of these indicated that, 
although they had the same chemical composition, they 
were distinctly triclinic ; and hence Des Cloizeaux has 
adopted the name for a species comprising all the tri- 
clinic potash felspars. Breithaupt had noticed the 
slight inclination of the axes, and hence the name he 
gave it. Other mineralogists had observed it, but as it 
was so slight it was placed under orthoclase. In some 
of its optical properties it is readily distinguishable 
from typical orthoclase. Owing to polysynthetic twin- 
ing, it presents strise like triclinic crystals ; and under 
polarized light it shows a characteristic grating-like 
structure, caused by the regular growth of twin laminae ; 
some of these laminee are orthoclase, others albite. It 
is obtained in large quantities at Branchville, Connec- 
ticut, some of the cleavage surfai^es having a len^^ ol 
ten feet. It is also found in. xacisi'^ lo^isici^vae*^ «cas5?8^ 
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neorl; all the potash fekpars formerly designated ortiio- 
oIam belong to microcliiic- 

EucETpnrB. 
It ifl a iitlila folspnr, to whioli tho formnla 

Li : Al. Si 0, may be assigned. It has not been found 
yot in the free ctystalliBcJ state liko other felspars, but 
uombiueil with albito as an alteiation product of epodu- 
meno. Both minerala are white, and henoo it was diffi- 
cult to detect the eucryptito, which has its namo from 
being so well concealoil. Eucryptito, howoTer, is 
eolublo, whorcas the albito is not ; and in this way the 
imbedded crystals of oucryptite can be removed in solu- 
tion. Under tho microscopo, with polarized light, tho 
two minoraLs can also bo readily diatinguisliod. It ia 
found at Bronchvillo, in Connecticut. 

Danboeite. 
It is considered by some to be a boron -folBpar. It 
crj-stoUiBefl in tho trimetric system, in forms which are 
almost precisely like those of topaz, which mineral it 
also resembloB in its pale wiito colour, honey yellow, 
and yellowish-brown tints, its transparency, ita bril- 
liant lustre, and its unevonnoBs to subconchoidal fractnie. 
Chemically it ia very different, as also in its haxdness, 
which is 7 — 7'25, and in ita sp. gr., which is 2-9 to 30. 
It occurs in small brilliant crystals imbedded in calcite, 
and also in large crystals in cavities from which the 
ealcito haa been weathered out, in association with 
quartz, mica, pyro3:ene, and titanite. The large crys- 
tals found at Eussell, New York, and on the Skopi, in 
Switzerland, are most deceptively like topaz. 

Taicosite, 
A hydrated silicate of alumina, containing less water 
than kaolin. It derives ita name from its close external 
resemblance to talc, occurring, as it does, in scaly 
rhombic plates, which are silvery whito or greenish in 
colour, pearly in lustre, and flexible, but not elastic. 
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It is from Mount Ida, near Heathcote, Victoria, where 
it is associated with selwynite. The hardness is 1 — 2, 
or rather more than that of talc ; and the sp. gr. 2*4— 
2*5, which is rather less than in talc. 

PiLOLITB. 

Mountain cork and mountain leather have usually been 
regarded as varieties of tremolite; but Professor Heddle 
finds, from an examination of Scotch specimens, that 
they do not belong to that species, but rather form a 
distinct species near the clays and halloysite. Chemi- 
cally, pilolite seems to bo a hydrated silicate of mag* 
nesia and alimiina. It is slightly yellow, has a densely 
felted structure, the fibres being tough and long. It 
occurs in limestone, granite, conglomeratOi and slate. 



CHAPTER X. 



Tantalates, Niobatbs, Zirconates, Tungstates, 
Vanadates, and Chromates. 

Tantalite. (FeO. 2 TaOj. Sijn. Ixiolite.) 

Tins is a black heavy mineral, having a sp. gr. of 
7-1 (79,963) to 7-9 (88,306), and a hardness of 6 to 6-5. 
The crystals are rare, and are derivable from a right 
rhombic prism with an angle of 122° 54'. They are 
generally elongated imperfect crystals, presenting very 
little lustre. It is a bitantalate of iron, but the ferrous 
oxide is frequently more or less replaced by the protoxide 
of manganese, and the tantaiic acid by stannic (SnO^), or 
sirconic acids (ZrOg). It is found in small lumps in 
granites and pegmatites in Finland, Sweden, and near 
Limoges, in France. This name was formerly given to 
specimens from Bavaria and America, which are now 
known to bo quite distinct. They belong to columbite. 

CoLUXBiTB. {Syn, Niobite ; Tantalite of Bavaria and 

America; Baierine.) 

As the atomic weight of niobium Vb iio\. c^vsWa ^^V\^> 
there is a difSculty as to what foim\iVa \a (io\:TCic-\- C^^xjsft.'- 
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bit« is Dsoall J rcgftcded u a niobite of iron and mangaueBO 
(FeO : MnO. Nb,0,). Its colour is Llsck, lU hardness u 
between 6 and 6, or rather less than that of tanlalite. Its 
crfBtals are tritDctric pmms, and are found in graaitic 
rocks anociated with beryl or with cryolite. It is in- 
fiiaible by the hlonpipe, and acids have no effect upon it. 

El-dialttb is n brownish-red lamellar mineral from 
Kaogerdlaarauk, in Greenland, where it is associated 
with aodalito and arfwedBonite in gneiss. The crystals 
are rare ; they belong to the hesagonal sygtem, and arc 
either acute rhombohedrons with an angle of 73° 3C/, or 
derived therefrom. Their hardness is 5 or 5'5, and their 
8p. gr. 3'9. It is fl zireo-ailicato of iron, soda, and limo 

(Fe:Na:Ca0.2Hi: ZrO,). It is readily fused into a 
dark glass, and dissolves in acids with separation of gela- 
tinous silica. The eulcoli/le, from the zircon syenite, 
appears to be a eudialyte containing a little of the 
oxides of cerinm and lanthanum, 

SrHENE. {Si/n. Titanito.) 

This is a silico-titanate of lime. It cryataHises in the 
monoclinic system, the primary form being, according to 
Rose, an oblique rhombic prism, having the vertical 
faces inclined towards each other at nn angle of lCi° 2', 
and towards the base at an angle of 93° 1'. The form 
of the crystals is, however, exceedingly variable ; they 
generally present a brilliant adamantine lustre, and a 
yellowish or brownish colonr, Tiie hardness is 5'6, and 
the sp, gr. 34 to 3'G. Sphono becomes electrical when 
heated; fuaes readily before the blowpipe info a dark 
glass, and is entirely decomposed by sulphuric acid with 
formation of gypsum or sulphate of lime. It occura in 
the mica sehiut of the Alps ; in the granite of Bavaria and 
Greenland; in the gneiss of Maaeaehnsetts ; in the 
syenites and zircon syenites of Norway and Argylesbire ; 
Til the saocharoida! limestone of Prance nnd the United 
States; in the trachytes, phonolites, and older lava 
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Btreams *of Auvergne, Bohemia, and Khenish PrasBia ; 
and in beds of magnetic iron ore in Norway. 

There are several varieties : thus spinlhere is a greenish- 
grey sphene ; pictite, a violet sphene ; ligimte, is a greenish- 
yellow variety ; and grecnovite is a red variety containing 
protoxide of manganese. 

Yttrotantalite occurs in grains or imperfect crystals 
in the granitic rocks at Ytterby, Pinbo, and Kararfvet, 
near Fahlnn, in Sweden. There are three varieties, 
which differ in colour and composition. The first variety 
is of a pale green colour ; it has a vitreo-resinous lustre, 
a hardness of 4*5 to 5, and a sp. gr. of 6*3 to 6*8. It 
does not dissolve when heated with carbonate of soda. 
The second variety is black ; it has a metallic lustre, a 
hardness greater than that of glass, and a sp. gr. of 5*39. 
It is dissolved when heated with carbonate of soda. The 
third variety has a brownish-yellow colour ; it does not 
scratch glass, and its sp. gr. is 5*88. All are insoluble in 
acids, but are decomposed by them after they have been 
fused with bisulphate of potash. All are tantalates of 
yttria ; but the first is quadribasic ; the second and third 
are tribasic. The yttria is usually more or less replaced 
by lime, ferrous oxide, and oxide of uranium ; and the 
tantalic acid by tungstic acid. 

PoLYMiONiTE is an iron-black mineral, having a metallic 
lustre, and crystallising in long trimetrio prisms. Its 
hardness is 6*5, its sp. gr. is 4*8, and it is composed of 
zirconia, titanic acid, yttria, oxide of cerium, peroxide of 
iron, lime, and a few other substances in small propor- 
tions. Its formula has not been satisfactorily determined. 
It is infusible by the blowpipe, soluble in sulphuric acid, 
and is found in the rircon syenite of Frederickswarn, in 
Norway. 

Pyroohlorb is found in small grains or regular octa- 
hedrons in the zircon syenite of Frederickswftrn and Laur- 
wig, in Norway. Its hardness is 6'5, and its sp. gr. 4*21, 
The colour is pale yellow or bladdaivAiTO^Ti \ VX^^NsMeXx^^^ 
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is vitroona or resiDons, itiid tlie fracture conclioida]. Iti 
composition ia variable, but it appearB to be an impnrj 
niobate of some proto^de, such as lime, thorino, &e. 
Evxetiite, .£achjnite, and Polifcrase sro eimilar mineinls. 
Mian^ite is a piJo yellow variety. 

SoHEELrxB ia a tnngBtato of llmo (CaO. WO,), wliicli 
cryatalliBca ia octahedtona derivable from a quikdrHti<: 
prism. Its colour is white or ycllowiBh, ita lustre is 
vitreous, slightly inclined towards resinous, its hardneas 
ia 4-6, and ita sp. gr. 6*0 . It is fused with difiBculty by 
the blowpipe, and is slowly attacked by nitric acid, wbicli 
dccompoBcs it with Bcparation of the tungetic acid. It ia 
goaerally found in metallic lodes, especially such as eon- 
tain tin ; and ita principal localities are the tin mines of 
Cornwall, Saxony, and Bohemia; it is also met with in 
some iron and nianganeae mines, and in veins containing 
bismuth at Huntington, in Connecticat, 

Stolkite. (PbO.WOj. Si/n. Sclieelitine.) 
The native tungstate of lead reacmbles scheelite in ita 
chemical constitution, in occurring In quadratic octahe- 
drons, and in being associated with oxide of tin. Ita 
bardncBfl is 3, its sp. gr. 8 (8D,42i), ita lustre resinous, 
and its fracture conchoidal. The blowpipe flamo readily 
fusee it, and nitric acid difiaolvea it with separation of 
tungatio acid. It is fonnd in the tin mines of Zinuwald, 
Bohemia, associated with quartz and mica, and at 
berg, in Oarinthia, associated with molybdate of lead. 
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AVoLfiUM. (Pe;MnO.W0a. -S/». Tungalato of 
and Manganese.) 
This ia a heavy mineral, having a dork brown colour 
and a semi-metallic lustre. It affords cleavage in 
directions which seem to indicate that its primary form is 
a right, or slightly oblique, rhombic prism. It resembles 
bronaite and amorphous blende, but ita high sp, gr., 7'5 
(S3,84.')), readily distingniahea it from both. It is con 
in many of the Corniah and Saxon mines ; the ro< 
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which it is fonnd is generally pegmatite or gneiss, and 
the minerals associated with it are scheelite, topaz, beryl, 
and cassiterite. Wolfram is the principal source of 
tungstic acid, of which it contains nearly 76 per cent. 

WULFBNITB. 

It occurs in octahedrons belonging to the dimetric or 
quadratic system, and in fiat tables. (Figs. 2 and 3, 
PI. II.) It is brittle, has a yellowish colour, a vitreous 
lustre, and is isomorphous with scheelite. The crystals 
cleave readily parallel to the faces of the principal octahe- 
dron. Its hardness is 3, or less than scheelite ; while its 
sp. gr. is 6*9 (77,128), or rather greater than that of the 
same mineral. When fused by the blowpipe it yields a 
globule of lead ; and when dissolved in nitric acid a white 
powder separates, which is turned blue when touched 
with zinc. It is a molybdate of lead, to which the 
formula PbO. MO, may be assigned. It is found in a 
compact limestone at Bleiberg and Windisch-Kappel ; 
as also in Hungary, Mexico, and Pennsylvania. 

Dbohenite. (S^n, Eusynchite.) 

It occurs as a reddish substance yielding a yellow 
powder in a sandstone near Niederschlettenbach, in 
Ehenish Bavaria; it is usually in botryoidal lumps, 
having a crystalline structure, and apparently composed 
of an aggregation of minute rhombic prisms or rhom- 
bohedrons. The cleavages seem to favour the opinion 
that they are of the latter form. Its hardness is 4, and 
its sp. gr. 5*8. Before the blowpipe it fuses into a greyish 
pearly glass, and yields a globule of lead. It dissolves in 
nitric and hydrochloric acids; the former solution is 
yellow, and the latter green. With the last-mentioned 
acid there is a separation of chloride of lead. 

Desoloizite. 

This mineral occurs in black or dark green lumps en- 
closed in a reddish clay in some of the lead mines of Lo. 
Plata. These lumps are compoaed, oi mvcvxvX.^ ^x.t^^'?^, 
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huviog (he form of rhombic octaliedrons derivable from 
a rhoinlfiis prism with an nngle of 116^ 25'. It is fusible 
before the blowpipe into a black elag, and yields a coloni- 
Ibbb solution with nitrio acid. It is probably a vanadate 
of lead, haying the formula 2 PbO. VOj. 

VOLBOETniTE. 

A vanadate of copper and lime from the copper mines of 
Sissersk and oth?r places in Bussia, and of Fredericlia- 
rode, in Thuringia. It usually occurs in spheroidal 
agBregntioas, built up of olive-green hexagonal tahlee. 
Before tho blowpipe it yields a black slag, which, by 
further beating, gives a globule of copper. It dlssolveB 
in oitrio acid, with separation of vanodic acid, yielding a 
green solution. The varieties containing lime are Bome- 
times called Kallrolhorthile. 

TAKADraiTB. 

This appears to bs a vanadate of lead combined with 
ohloride of lead, or 3 (3 PbO. VO,) + PbCl. It crystal- 
Uses in minute hesahedi'al prisms, having a yellowish- 
white or fine ruby-red colour. The lustre is resinous, fli9 
hardness 3, and the sp. gr. about 7 (78,246). Before the 
blowpipe it flrut decrepitates, and after a. somewhat pro- 
longed application of the heat yields a few grains of lead. 
It is soluble in nitric acid, yielding a yellow solution, It hti 
been found in spheroidal masses inthemines at Zimapan, 
Mexico, assooiatodwith other lead ores; as also at Wan- 
lock Head, in Scotland; inTimiftco., California; atWin- 
disch-Kappel, in Cai'inthia ; and at Bereso^ m. Siberii. 

CnocoiaiTE. (%«. Eed Lead.) 

The native chromate of lead (PbO. CrgO,) is the eamo 

substance as the ch-ome yellow bo much used for painting 

carriageB, &c. It crystallises in forms derivable &om an 

oblique rhombic priem, in which tho vertical faces are 

inclined towards each other at an angle of ^^^ 30', and 

■wards the ba'io at an angle of 99° 10'. The crystals 

Bofa beautiful hyacinth-red colour, while tho powder 
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is orange -yellow. The lustre is vitreous, the hardness 
about 3, and the sp. gr. 6*9 to 6* 1. 

It is rather rare ; and for a long time the only locality 
known was at Beresof, in the Ural Mountains ; its crystals 
are met with in veins in a talcose gneiss and in micaceous 
quartzites. Amongst its other localities are Nischne 
Tagilsk; at Congonhas do Campo, in Minas Geraes 
province ; in Hungary ; and in Brazil. 

Melanochroite. (Si/n, Phosnicite.) 

This is a basic chromate of lead, which differs from 
crocoisite by its chemical composition, its tint, and its 
form. According to Hermann, it is composed of 23*6 
per cent, by weight of chromic acid, and 76'4 of oxide of 
lead, which nearly corresponds to the formula 2 PbO. 

Cr203, or Pb : Cr02. It crystallises in rhombic prisms, 
which apparently belong to the trimetric system; the 
crystals are exceedingly small, and are generally inter- 
laced together so as to form a kind of network. The 
colour is hyacinth-red, the lustre resinous or adamantine, 
the hardness 3 to 35, and the sp. gr. 6*75 (64,273). 
When treated with the reducing flame of the blowpipe 
it yields a globule of lead. It is found in a limestone at 
Beresof, in the Ural Mountains, associated with crocoisite, 
vauquelinite, galena, and pyromorphite. 

Vauquelinite. 

It accompanies the foregoing species as a dark green 
powder or incrustation, composed of minute crystals 
belonging to the monoclinic system. The fracture is 
uneven, the lustre resinous, the hardness 2*5 to 3, and 
the sp. gr. 6' 5 to 5*7. It resembles melanochroite in 
chemical constitution, differing from it in containing a 
little oxide of copper in place of some of the oxide of lead. 
When fused on charcoal it yields a dark grey metallic 
globule, which sometimes contains a few specks of re- 
duced lead. It readily disBolveB m ia\.ic\a wsA -^cnJ^ 

p 2 
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formation of a yellow solution. It is found along wifl 
crocoisito nt most of tho localities where that minera 
occurs. At the Pequa lead mine in Xiancaster oo^ 
Pennsylvania, it occurs in apple-green crystals asBod* 
ntod with cerussito on quartz and galena. 

Jossaite is au allied form found alon^ with vauqneli- 
nite nt Beresof, in Siberia. 

Perofskite. (CaO Ti02. Syn. Leucoxene ; Titano- 

morj^liite.) 

The crystals of this titanate of lime are probali^ 
isometric. Hardness 5*5 ; sp. gr. 4 ; colour yarioiu 
shades of yellow and brown to black. Jt is found at 
Achmatowsk, in tho Zermatt valley; Wildkreuqoch; 
^lagnet Cove, Arkansas ; and in largo masses in Hu 
nmphibolito of Ilolie Eule. 

EosiTE. 

It appears to bo a vanadio-molybdate of lead, whidi 
crystallises in minute octahedrons belong^g to fiie 
dimetric system. The hardness is 3 — 4, and the oolonr 
deep aurora red. Found on pyromorphite and cenusite 

at Leadhills, Scotland. 

HUBNERITE. 

A tungstate of manganese crystallising in trimetrie 
crystals which have a hardness of 4*5 ; a sp. gr. of 7* 14; 
an adamantine lustre on the cleavage faces ; a browniah 
red colour, and an uneven fracture. It forms a vein 
three to four feet thick in the Monmouth district^ 
Nevada, associated with scheelite, fluorspar and apatite. 

Pateraite. 

This name has been given to an impmre and iQ- 
deiined minoral whioh. may loe uoXai^^^ «a ^3l^eating ibe 
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probable existence of molybdate of cobalt as a mineral. 
It was found by Vogl in the Elias mine, Joacbimsthal, 
associated with uranium ores. 



CHAPTEE XI. 

Sulphates, Nitrates, Phosphates. 

Thenardite. (NagSOi.) 

It is an anhydrous sulphate of soda. It crystallises in 
rhombic rhombohedrons derivable jGrom a right rhombic 
prism, with an angle of 129°. The colour is white, the 
lustre vitreous, the hardness 2*5, and the sp. gr. 2*6 to 
2*73. When exposed to the air it effloresces, and when 
heated before the blowpipe it colours the flame yellow. 
It is completely soluble in water. It is present in a de- 
posit from some saline springs near Madrid, and has also 
been found by Scacchi amongst the volcanic dShrts of 
Vesuvius. Tarapaca, in Peru, is a third locality, and 
there it is associated with glauberite and hayesine. 

Glaseeite. (KgSO*. St/n, Arcanite.) 

Like thenardite it is white ; but some of the more 
impure specimens are tinged yellowish or bluish ; its 
lustre is vitreous, inclining to resinous ; and it crystal- 
lises in thin tables derivable from a rhombic prism of 
120° 24'. It is not altered by exposure to the air, it 
does not yield water when calcined, and it fuses without 
intumescing. It has been foxmd in small quantities as 
a lining to cavities in recently-ejected lavas. An impure 
variety has also been discovered in the guano of the 
Chincha Islands. 

Mascagnine. (NH4)2 SO4.) 

This is a native sulphate of ammoniimi isomorphous 
with glaserite. Its crystals are six-sided igYY%TSia»\R5ass>^- 
nated bj pyramidal summits, aai ai^ ^^tvn^CvJ^^ ^^"^ ^ 
rhombic priBm of 121° 8'. It is Bo\\i\i\e Vxi^^\.«t,o^iS2^arcv^^ 
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ID the waters of Bome of iLe Toacan lagoona, hut ia also 
found floliii as a white, bitter, pungent, efBorescent Bub- 
BtMce on Ibe lavas of VestiviuB, Etna, and the Lipari 
iBlands. Its LardncBS xs 2'2fi, and its ap. gr. 1-72. The 
artificial sulphate of ammonia ia used as a manure, and in 
the manufacture of ninmonia-nhim. 



ANurDniTE, (CaSO^. Si/n. Karalenite; Muriacite; 
Viilpinito ; Cnbe Spar.) 

This mineral seldom occurs in crystals ; but when these 
do occur tliey are generally rectangular prisras varionaly 
modified on the edges. It poBiesses distinct cleavage in 
three directions, and hence readily divides into tabular 
blocks. The plane of easiest cleavage presenta a pearly, 
while the faces prodnced by the other cleavagea have 
a vitreous, lusfre, which 15 rather duller in one than the 
other. The purer specimens are colourless and trans- 
parent, but the less pure ones are greyish, or present 
various tints of blue, rose, and violet. It poesesBes double 
refraction, and the apparent angle of the two axes is 75° 6'. 
The hardness is 3'5, or greater than that of gypsum ; its 
sp. gr. is 2-8 to 3. When heated it does not become 
opoqne white, nor does it exfoliate aa gypsum does. It 
is sparingly soluble in water and in acids. There are 
several varietiea of structure and form ; as, for instance, 
the blue saccharoidal anhydrite of Wurtemberg, which is 
much used for ornamental objecta ; the contorted variety, 
from Wieliczka, sometimes called (ripe-s(oiie; the fibrous 
variety, from Halle, in the Tyrol ; and others. Muna- 
die is a variety with a little chloride of sodium, and 
Vtilpitiite contains a considerable proportion of silica, It 
generally occurs under the same conditions as gypsum ; 
and when it is exposed to the open air, it frequently passes 
into that mineral by absorption of water. It is very 
common in motalliferoua lodes and in saliferosa depoaits, 

CELEflTlNB. (SrSOf) 

In many reepectB t\via mneviA Vbs b. An^a tfe^e.'viiAafflce 

to barytine. Its cryatala are deme-Ue ^to\a a.Y.^1. -t>~"- 




BARYTINB, 319 

priBin of 103° 58', having its easiest cleavage parallel to the 
base, Fig. 61. The colour is various shades of grey, yellow, 
red, and blae ; the lustre is vitreous ; the hard- 
ness 3*5; and the sp. gr. 3*9 (43,494). Before 
the blowpipe it melts with difficulty into a 
inillcy-white enamel ; and when subjected to 
the reducing flame strontia is obtained. When 
moistened with hydrochloric acid after fusion ^-ci 
with soda and charcoal, it colours the flame carmine red, 
a test which distinguishes it from barytine. There are 
many varieties. Thus, the celestine of Bristol is gene- 
rally lamellar or fibrous ; that at Montmartre is acicular. 
BarytO'Celestine is a variety containing baryta, found at 
Kingston in Canada, and in the dolomite of Binnenthal. 
Fine crystals of celestine are met with at Girgenti, iu 
Sicily ; Conil, in Spain ; Bex, in Switzerland ; Pyle Hill, 
near Bristol ; and elsewhere. It is not so frequently met 
as barytine in mineral veins, and generally appears to be 
of more recent formation. Its principal situation is in the 
gypseous deposits associated with rock salt, gypsum, and 
sulphur, and in some of the older limestones of North 
America, such as those of the Trenton and Ohazy for- 
mations. 

Barytine. (BaS04. Syn, Heavy Spar ; Barytes ; 

Baroselenite.) 

The primary form is a right rhombic prism of 101° 42', 
readily cleaving in directions parallel to all its faces. Their 
iisnal form is in tables such as shown in Fig. 62, fine spe* 
cimens of which occur in Cumberland, 
Durham, Derbyshire, and Somerset- 
shire. The colour is generally white 
or yellowish, but it sometimes presents ' ^^j^. 
various shades of blue, green, red, and 
brown. The lustre is vitreous, the hardness 3'6, and the 
sp. gr. 4*5. It is with difficulty fusible into an opaque 
white enamel, and when heated in tlie yww^t ^^cc^^S^Sa^ 
decomposed and reduced to t\i© «X.aX.ei <^l ^ «^S:^$kn^^ '^ 
barium. Neither acids nor alka\m^ c«t\>oT^^iIv*^^^^^^ ^^^^ 
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effect upon it. There are granular, lamelliir, baciltar, 
radiated, concretionary, and compiict varieties. Tlie 
radiated barytine is found at Mount Faterno, near Bo- 
logna, &nd ie remarkable for its phosphorescent power, 
either when healed alone, or wilh a little organic matter. 
Hence this variety is sometimes called Bologna spar, and 
the raistnre with organic matter Bologna pho&phornt. 
Caak is the name given to the massive opnqne earthy 
specimens, and Hepatite to those which emit a enlphnrous 
fetid odour vihea rubbed. Barytine is very widely dia- 
tribnted, and is frequently associated with the various ores 
of lead, silver, mercury &c. There are several minerals 
which appear to be littlo more than impure varieties of 
barytine. Thus, Kalkhari/t, from Saxony and Derby- 
shire, contains a large proportion of sulphate of lime; 
DreeliU, from n lead mine near Beaujeu, contains sulphate 
and carbonate of lime; Cahlronbari/te, from Schoharie, 
New York, contains carbonates of lime and strontian; 
and BaryitrontUaiite contains carbonate of strontian. 

Anglbsitb. (PbSO^.) 

This IS the anhydrous sulphate of lead. It crystallises 
in rectangular octahedrons and tables derivable from a 
light rhombic prism of 103° 38', so that it is nearly iso- 
morphoua with celestine. The crystals are generally 
colourlese, bnt sometimes they are various shades of grey, 
brown, yellow, and green. The lustre is adamantine, the 
hardness 3, and the ep. gr. O^S. It possesses double re- 
fraction, fasea iu the blowpipe flame, and blackens when 
exposed to sulphuretted hydrogen. It is found, generally 
in minute crystals, in the lead and copper mines of Angle- 
sea; at Wanlock, in Dam fries -ah ire, in crystals nearly 
two inches long ; at Leadhills, in Lanarkshire ; at Crom- 
ford, in Derbyshire; at Badenweiler, in Baden; at Phoanii- 
ville, in Pennsylvania; and elsewhere. It is generally 
associated with galena, from which it is derived by 
oxidation. 



^ 
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Gypsum. (CaSO^ + 2 HgO. Si/n. Selenite ; Plaster- 
stone; Alabaster.) 

Gypsum is a snlpliate of lime combined with two atomic 
proportions of water, and dififers in many respects from 
anhydrite. It generally occurs in a crystalline state, the 
primary form being a monoclinic prism. The crystals are 
frequently arranged in regular groups, and sometimes two 
are so arranged that their planes of easiest cleavage coin- 
cide, giving rise to the arroio-headed form shown in 
Fig. 63. There are three directions of cleavage. The 
faces produced by the first and easiest 
have a pearly lustre ; those produced by 
the second are vitreous, inclined to scaly ; 
while those produced by the third have 
a fibrous aspect. The direction of the 
latter two cleavages is generally repre- 
sented by strise. The crystals are usuaUy 
colourless and transparent, but are some- 
times brownish, yellowish, or reddish. It 
possesses double refraction. The hard- 
ness is 2, and the sp. gr. 2*3. When 
heated, the combined water is driven ofif; 
the crystals become opaque white, break- 
ing up into a multitude of excessively thin 
flakes. Selenite is the name generally 
given to the crystalline form. Fibrous gypsum has a 
beautiful pearly or silky lustre ; saccharoidcU gypsum has 
a fine granular texture, like white marble, and is used in 
the East under the name of alabaster — a name also given 
to a carbonate of lime. 

Sulphate of lime is the most widely distributed of all 
the sulphates. It is found in most rivers, lakes, and 
seas ; in the strata of almost every country ; and in 
formations ranging from the oldest crystalline rocks 
of Scandinavia up to the most modern argillaceous de- 
posits. A bare list of all its localities would fill several 
pages, but the reader may find many mentioned in thfl 
works of Bristow, Bischof, Gotta, l>daSo«»^, wA ^'^«» 
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The mode of occun-enco and range of distribution of both 
llie liydrated variety (gypanm) and the anhydrous (anhy- 
drite) are very Biintiar. Ita formation appears to take 
place in several ways, via. (1), by depoaition from con- 
centrated salt watcra, which may be either oceanic, lacus- 
trine, or derived from mineral epringB; (2), by the chemical 
action of iron pyrites on lime in moist strata ; and (3), by 
the aolioii of gaaeona sulphur compounds, either in the free 
state or in solution, on rocks and minera!s containing a 
large proportion of lime. 

CvANosim (CuSO. + oH,0. S^n. Blue Vitriol ■ 
Cbalkaothite.) 

This mineral has a beautifii! blue colour, and usually 
occurs as a pulverulent powder or hard incrustation, 
aeldom in distinct crystals, having a form more or lees 
reaembling Fig. 4, PI. II. The lustre is vitreous, the 
fractare conolioidal, the bardneB8 2-6, and the sp. gr. 2-27. 
It is soluble in three times its own weight of cold water, 
yielding a blue solution, from which copper is deposited 
on the introduction of a steel blade. This mineral is 
derived from the decomposition of copper pyrites, and is 
abundant wherever water flows over the rubbiah-heapa 
collected round copper mines, and where it flows from the 
workings in the mines. In many cases the copper ia 
obtained by leadiug such waters through troughs contaiu- 
ing scraps of iron. 

Epsomitb. {MgSO, + 7 11,0. Si/n. Epsom Salt : 

Sulphate of Magnesia; Scl de Sedlitz.) 

The hydrated sulphate of magnesia, containing seven 

atomic proportions of water, crystallises in right rhombic 

prisms with an angle of 90° 3i', and with more or less 

modified edges and angles, as in Fig. 37, PI. 11, Its 

most usual mode of occurrence is in crystalline efftores- 

cences, in acicular groups, or in fibrous masses having a 

silky luatrc like fibrous gyipawm. It is a white, bittor- 

taating salt, and boIuUb in -wftlet. "H. va Wtvi\o, s.<3to.'u.q\i 

in maay mineral Bpringa, s^\c\\ aa V\io^e o,\."S.\«Q-wi,'feeSC\VL, 
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and elsewhere, as also in the waters of the ocean and of 
several lakes. Masses a foot in diameter have been found 
in the Alum Cave and other localities in Tennessee ; in 
the Mammoth Cave of Kentucky ; and smaller lumps near 
Madrid, in Spain ; at Dundas, Niagara, and other parts of 
Canada ; and in Hungary. Astrakamte, or Blddite, is a 
native hydrated sulphate of magnesia and soda associated 
with epsomite in the salt marshes near the mouth of the 
Volga. 

Melanterite. (FeSO^ + 7 HgO. Syiu Green 
Vitriol ; Green Copperas.) 

A bluish-green, inky-tasting, soluble substance, crystal- 
lising in forms derivable from an oblique rhombic prism. 
When exposed to the air it effloresces, and by the absorp- 
tion of oxygen is partially converted into iron oxide. It 
occurs in incrustations having a fibrous structure, and in « 
yellowish filaments lining the surfaces of schistose rocks, 
especially those which contain decomposing iron pyrites 
(marcasite). The sulphate of iron of commerce is mainly 
obtained artificially from iron pyrites, and specimens ot 
this last mineral, when kept in moist air in cabinets, are 
often more or less changed into green copperas. Sulphate 
of iron unites with pyrogallic acid, giving rise to the 
compound familiarly known as ink. 

Botryogene is another sulphate of iron, but of a far more 
complicated constitution. It has a hyacinth-red or yel- 
lowish-brown colour, and is sometimes called the red vitriol 
or sulphate of iron. It is, like the last, a decomposition 
product of marcasite ; it crystallises in monoclinic prisms, 
which are generally grouped into botryoidal masses. 

GosLARiTB. (ZnSOi+7 HgO. Syn. White Vitriol ; 

White Copperas.) 

This is the native hydrated sulphate of zinc : there is 
also an anhydrous form, which is kiio^\:k. \ya» Alw.Q^twV.\»* 
The primary form of goslaxite la b^ t\^\. xVorK^vi. ^'^^^^^ "^ 
Pi^ r. It ufluaUy occurs m w\i\le ii^^^\^v^ o^ ^c^x^n^ ^^^^ 

\ 
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cretionary massea in blende mines, auch as those at Ram- 
melflLerg, near Goalar, and at Schemnite, in Hungnry. 
It ia soluble in water, haa n atyptic or inky taate, and is 
derived from blende by decani position. 

EiEDERiTE. (CoS0,+7 H,0. Sj/». Boae-coloDFcd 
Vitriol; Cobalt Vitriol.) 

This occars under aimilar conditions as the other anl- 
phntee wilh aeven atomic proportions of water ; viz., as a 
lining on rocks in mines containing the snlpliidc of cobalt, 
from which it is derived by oxidation. The primary form 
is a monocliuic prism wboae vertical facee are inclined 
towards each other at an angle of 82° 2(y, and towarda the 
base at iin angle of 99° 46'. It has a piJe rose-red colour, 
a bitter inky taste, a vitreous luatre, and ia readily aoluhle 
in water. Its principal localities are fiieber, in Heaae; 
near Ncnsohl, in Hungary ; and near Copiapo, in Chili. 

MiRABiLiTE. (Na,SO,+10 H,0. S^n. Glauber Sah.) 
The native hydrated sulphate of soda occurs in cryataU 
derivable from a monoclinic prism whose vertical faces are 
inclined towards each other at an angle of 86° 31', which 
are generally aggregated into a crystalline fibrous incrusta- 
tion. When exposed to the air it loaea some of its water 
and effloresces. The latter form ia its mode of condition 
on the lavas of Vesavius, and iu the aalt minea of Hallstadt ; 
while the former is the condition in whicli it is found at 
GuipuBCoa, in Spain, and Windsor, in Nova Scotia. It is 
dissolved in many springs and anlt lakes. The colour is 
usually white, the taste is hitter and saline, the hardness 
I'fi to 2, and the sp. gr. 1-48. ^ 

Glauberitk. (lVa:CaSO,.) fl 

The anhydrous sulphate of aoda and lime cryatallisea in 
forms nearly iaomorphous wilh those of mirnbilite. The 
primary form ia a monoclinic prism with tlie angle made 
by the vertical faces with each other equal to 83° 20', and 
Hint made by the same facta widi the base equal to 104° Iff. 
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One of its crystals is represented in Fig. 5, PI. II. ; but 
frequently the forms are much flatter. When exposed to 
damp air it effloresces, and when immereed in water it is 
decomposed into sulphate of soda and sulphate of lime, the 
latter being thrown down as a precipitate. This is mainly 
owing to the great difference in the degree of solubility of 
these two salts. The colour is yellowish or greyish, the 
lustre vitreous, the fracture conchoidal, the hardness 2*5 
to 3, and the sp. gr. 2*6 to 2*8. It is generally associated 
with rock-salt or with saliferous clays in its neighbour- 
hood, but sometimes with the deposits of anhydrite in 
the Keuper marls. Villarubia and Aranjuez, in Spain ; 
Aussee and Ischl, in Austria ; Berchtesgaden, in Bavaria ; 
Tarapaca, in Peru ; and Vic, in France, are the principal 
localities where it is found. The specimens met with at 
the last-mentioned place are coloured red by the admix- 
ture with red clay, and are sometimes called PolyJialite de 
Vic, They are quite distinct from Polyhalite properly so 
called. 

POLYHALITE. 

The name alludes to the number of salts which enter 
into its composition. It is a hydrated sulphate of lime, 
magnesia, and potash, crystaHising in rhombic prisms of 
115^, and generally occurring in fibrous compact masses 
of a grey, flesh-red, or brick-red colour. It has a resinous 
or pearly lustre, a slightly bitter astringent taste, a hard- 
ness of 2 to 2*5, and a sp. gr. of about 2*7. Its compo- 
sition is very variable. It is associated with rock-salt at 
various localities, such as Ischl, Hallstadt, Aussee, in 
Austria ; Berchtesgaden, in Bavaria ; Vic, in France ; and 
elsewhere. 

Lanarkite. (PbSO^. PbOOg.) 

A combination of sulphate and carbonate of lead crys- 
tallising in monoclinic prisms in which the vertical sides 
are inclined towards each other at an angle of 85° 48'. 
The colour is yellowish-white or slightly greenish, the 
lustre adamantine or pearly, the hardness 2 to 2*5, and 
the sp. gr. 6'8 to 7. It readily ck«L\e^ vcvVi Vk!KCL\«ssiasi» 
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whioli are somcwliat llexilile ; fuses before the blowpipe 
flame iuto an opaque while globule ; and partially dissolyeB 
in nitric acid uitb separation of snipliate of lead. It is 
found at Leadliiils, in Lanarkshire, in crystals ; and mas- 
sive at a few localities in Brunanick, Siberia, and the 
Tyrol. 

Leadiiillits. (I'bSOt- 3 PbCO,.) 

It differa from lannrkite in containing a larger pro- 
|Kirlion of carbonate of lead ; in crystallieing in modili- 
cationt of a right rhombic prism of 120° 20', such aa the 
liexagonnl table. Fig. 6, PI. II.; in its Btoallar ap. gr., 
which is 6'3; while it agrees in moat of the other pro- 
perties mentioned under lanarkite. It is associated with 
that mineral at Leadhilla and in Siberia, and ia alao found 
in Onmbcrlsnd. Sutannile is a mineral having the same 
composition, hat cryatallising in a different eyatem, viz., 
the hexagonHl. 

Oaledonitb. 

This is a comhmntion of the cnrboTiatee of copper and 
lead with sulphate of lead, which crystalliaes in forma de- 
vivnble from a right rhombic prism of 95°, auch as the 
one represented in Fig. 7, PI. II. In hnrdneas, sp. gr., 
behaviour before the blowpipe and towards nitric acid, it 
agrees with teadhillite. It is found at Leadhills, in Scot- 
land, asBOoiftted with linarite ; at Boughten Gill, in Cum- 
berland ; nt Tanne, in the Hatz ; at Rezbanyn, in Hun- 
gary ; and at Mine la Motte, in Miaaouri. 

LiNAiiiTK. {Si/n. Cuproona Anglesite.) 
Thia ia a compound of sulphate of lend with Lydrated 
oxide of copper. It crystalliaes in ndamantine-laatred 
monoclinic crystals derived from a priam with the vertical 
faces inclined towards each other at an angle of Gl°, and 
towards the base at an angle of 9C° 20. One of these 
secondary forma ia shown in Fig. 8, PI. II. The colour 
is deep blue, and ia deatroyed by a moderate heat; the 
fracture is conchoidal ; the haTdncBa ia 25 to 3 ; and the 
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6p. gr. is about 5*4. It is foand at Leadhills, in Lanark- 
Fbire, associated with cerusite, and from which it is gene- 
rally produced by alteration ; at Red and Roaghten QiUs, 
in Cumberland ; near Ems ; and possibly at Linares, in 
Spain. 

Brochantitb. 

The crystals appear to be derivative from a right 
rhombic prism with an angle of 104° 10' ; they are well 
defined, have an emerald-green colour, a vitreous lustre, 
an almost imperceptibly conchoidal fracture, a hardness of 
3*5 to 4, and a sp. gr. of about 3*8. One of the modified 
forms is showni in Fig. 10, PL II. It is a rare mineral, 
and is associated with malachite and copper in a copper 
mine near Ekatherinenburg, in the Ural Mountains ; with 
malachite at Koughten Gill, Cumberland ; and with azurite 
at Rezbanya, in Hungary. A few other localities are 
known. 

Kdntgite and Krisuvigite are probably impure varieties. 

Alunitb. {Syn, Alumstone.) 

Alunite is much used as a source of alum, whence its 
name of alumstone. It is a hydrated sulphate of potash 
and alumina, and occurs in small crystals whose domi- 
nating form is a slightly acute rhombohedron of 89° 10'. 
The colour is greyish or reddish ; the lustre vitreous or 
pearly ; the fracture uneven in crystals, but splintery in 
the massive form ; the hardness 3*5 to 4 ; and the sp. gr. 
2-5 to 2-7. It is infusible by itself before the blowpipe, 
and insoluble in water ; but it is soluble in sulphuric acid 
after it has been powdered. It is generally found in con- 
nection with volcanic rocks. Its best-known locality is 
Tolfa, near Ciyita Vecchia; while others occur near Mount 
Dore, in France ; Musay, in Hungary ; and Elizabethpol, 
in Georgia. 

Wbbstbritb. (AlgSOg -|- 9 H2O. Syn. Aluminito.) 

A hydrated sulphate of alumina found in clay at Halle « 
in Saxony ; near Newhaven, in S\i&ee»x.\ii^^^£!^^'m«:^ ^a^ 
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Auteuil, ia Fraace ; as also in tlie Laach lava. It is a 
soft white Hubatance, which generally occnrB in reniform 
Dnd bolryoidal maBscs, or in tabular layers. It has con- 
siderable resemblance to ordinary white ohaik, bat may 
be at once distinguiehed from it by the prismatic 
cryatnls wliicli may be Been in well-waalied powdered 
webBterife. Its hardnesB is about 1, bo that it readily 
receives imprcsuiona from the finger-nail, and its ap. gr. 
is 1'7. It is insoluble la water, bnt disaolvea ia hydro- 
chloric acid without efTerveecing, and adheres to the 
tongae. It ia almost exclusively confined to tertiary 
clays, and is generally aeaociated with gypsum, lignite, 
and iron pyrites. 

CoQniHBiTB. (FeaOj. 3 80, + 9 HaO. Si/n. While 
Copperas.) 
This mineral is found in white (inclining to brown, 
yellow, green, or blue) crystals belonging to the hesagonal 
system. They are generally in the form of six-sided 
prisms with trnncated pyramidal summits, which have an 
indistinct cleavage parallel to the faces of the prism. The 
lustre is vitreous, the taste astringent, the fracture oon- 
choidal, the hardness 2'2£i, and the sp. gr. 2, It is soluble 
in cold water and in hydrochloric acid willi separation of 
a little ailica, which is generally present in minute quan- 
tities. When heated by the blowpipe the water and acid 
are given off, and the ferric oxide remains behind. It is 
found in a felspathic rock near Oopiapo, in the province 
of Coquimbo, Chili, associated with iron pyrites, from 
which it appears to have been derived by the action of 
the weather; and near Calaraa, iu Bolivia, Scacchi found 
it in abundance round fumaroles after the eruption of 
Vesuvius in 1S56. The mineral named Blakeiie haa the 
same chemical composition as coquimhite, bnt it crystal- 
lises in octahedral forms. Copiapite occnra aa an incrusta- 
tion on coquimhite, and appears to be simply a some- 
what impure form of that mineral. Some authors, how- 
••'BT, consider it to be n distinct species. Fibrofcrrit^^m 
'■txiie, Misi/, and rcclieite b\bo o'p'pcar to be speaj^f 
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founded upon more or less altered states of coquimbite. 
Voltaite, a dark green mineral, crystallising in octahedrons, 
is apparently a combination of the elements of coquimbite 
and molanterite. 

Alunogen. (AlgOg. 3 SOg + 18 HjO.) 

A hydrated sulphate of alumina, which differs from 
websterite in containing larger proportions of sulphuric 
acid and water. It is found in white fibrous or scaly 
masses, which are soluble in water, and have an astringent 
taste like alum. The hardness is about 1, and the sp. gr. 
1*6 to 1*8. It is found in clays, and, like websterite, 
appears to result from the action of water and weather on 
iron pyrites. As will be seen, it closely resembles that 
mineral, the principal physical distinction being that the 
one is soluble, while the other is insoluble, in water. Its 
localities are Arraya, near Cumana ; Oopiapo, in Chili ; 
Adelaide, New South Wales; Vesuvius; and Smoky 
Mountain, Jackson co., Carolina. 

Alum. 

The name for a group of minerals having a composi- 
tion which may be expressed by the general formula 
rO. AlgOj. 4 SOg + 24 HjO, in which r stands for potas- 
sium (Kj), or soda (Nag), or ammonium (NHj), or iron 
(Fe), or manganese (Mn), or magnesium (Mg). They all 
crystallise in the regular system ; they are soluble in 
water, and generally in octahedrons ; their taste is astrin- 
gent. When heated by the blowpipe they give off tKeir 
water, and swell up into a white opaque powdery mass. 
The iron alum, however, becomes red. The potash alum 
is the most common, and is usually found in the form of 
an efflorescence or an incrustation, with a mealy and 
sometimes a fibrous structure. It is abundant in clays, 
argillaceous schists (which, when largely impregnated 
with alum, are termed aluminous schists or shales), in 
Bolfataras, and in the craters of certain volcanoes. Whitby, 
in Yorkshire ; Chudleigh, in Devonshire ; Hurlet, near 
Paisley ; Vesuvius; Stromboli ; theEg^^^^^^ ^^^^t\s^\^^^ 
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Sable, in iraryUnd, United States, nre a few of the raanj 
localities that lisve been recorded. Soda alnm {Sol/ala- 
riu) bas a general reBsmbknce to potash aium, but is 
rather more soluble in water. It occurs in fibroue eniBta 
lining the solfataras near Naples, and in l]ie province of 
St. Juan, in South America. Ammonia alum occurs in 
vitreous fibrous masses at Etna, and in the lignite 
deposits at Tschermig, in Bohemia. Magnesia alum 
{Pickcringiu) occiira in silky-histred fibroiiB masses near 
Iqiiique, ill Peru, and at the Cape, South Africa. 
Mangaiiete alum, [Apjohnite) forms masses with a fibrous 
structure and silky lastre, which have eome resemblance 
lo aabestoB in appearance. The iron alum, or Hahtrichice, 
forms yellowish -white silky masses at Horlet, near Paisley ; 
MoraGeld and liodcnmatB, in Rhenish Bavaria ; and at 
Oroomiah, in Persia. It differs somewhat from the other 
alums in turning; red when heated. 



NiTRATiNE. (NaNOj. Sffn. Cubic Nilre ; Nitral 
of Soda.) 
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Its crystals nre obtuse rhombohedroua of lOG" Sff, which 
at first eight might be mistaken for cubes, whence its 
name of cubic uitrc : it presents a tolerably easy cleavage 
parallel to all its faces. It has a white colour, a vitreous 
]U3tre, an imperfectly conchoidal fracture, a hardness of 
1-5, and a sp. gr. of 2'3 (2i,591). It is shghtly deh- 
queacent, readily dissolves in water, and has a bitter saline 
taste. It melts at about 690° F., is decomposed at a 
red heal, and deflagrates when heated along with organic 
substances or charcoal. In this last respect it resembles 
saltpetre, but differs from it by its slight hygroscopic ity, 
and by the greater slowness of the deflagration. It forma 
beds several feet thick In the district of Tarapaen, Obili, 
where it is associated with gypsum, and also in Bolivia 
and Peru, It is generally mixed more or less with sand 
and common salt. 
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Saltpetrb. (KNOg. St/n. Saltpetre ; Nitre ; Prismatic 

Saltpetre.) 

It crystallises in two distinct systems, either as hexa- 
gonal prisms or rectangular tables derivable from a right 
rhombic pridm of 119° 10', or in rhombohedrons of 106° 
36'. The former is that to which the native crystals 
nsually belong, which somewhat resemble arragonite ; the 
latter is the form obtained artificially by slowly cooling its 
solution, and is isomorphous with calcspar. Saltpetre is 
white, inodorous, not deliquescent, fuses less readily than 
nitratine, is decomposed at a red heat with evolution 
first of oxygen, and then of oxygen and nitrogen, and 
dejBagrates more readily than nitratine with combustible 
bodies. Deflagration is a phenomenon of an exceedingly 
complex character, but adopting very general terms, it 
may be said to be the sudden evolution of a quantity of 
oxygen, which oxygen, being in a nascent state, gives rise 
to various oxidised products, which are mostly in a 
gaseous state. This sudden expansion is the chief source 
of the explosive power of gunpowder, while the heat 
and light result from the combination of the oxygen with 
sulphur and carbon. Saltpetre has a cooling, saline taste, 
a vitreous lustre, a hardness of 2, and a sp. gr. of 1*9. It 
is widely distributed, but seldom occurs in thick beds like 
nitratine. It is constantly forming in the neighbourhood 
of decomposing organic matter, especially in stables and 
certain caves; such as those in Oeylon, America, and 
elsewhere, which are inhabited by large numbers of bats. 
It is distributed through many limestones and soils. 

NiTRocALOiTB. (OaNOj. 2 H^O. S^n. Saltpetre Rot.) 

This is a deliquescent, readily soluble salt, which occurs 
in white or grey efflorescent silky masses, under circum- 
stances somewhat similar to those which attend the 
formation of saltpetre, viz., on the walls of badly-drained 
inhabited places, such as limestone caverns, stables, (&c. 
It has a warm, bitter taste, and a sp. gr. of 2*47 when 
anhydrous. When heated the water is dm^w ^^^ ^xA 
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titt aahjitroiu nil ia decompOMd at a heat Ligber than 
diat nqnired for nitraltne and saltpetre, vrith evotntion 
of oxygen and anhydrous nitric acid. It deflagrates witli 
combnadble powder at a red heat, but far less poirerfDllj 
than the preceding salts. 

NiTRomGHseiTE (MgNOf. 3 H^) has considerable 
reaemblsnce to nitrocaldte, and is frequently associated 
with it 

EoBACiTB. (SMgO. 4B,0,+ MgCl. S^n. Borsle of 

Magnesia.) 

It crystallisesin hemihedrally 'modified cubes, rhomboidal 

<l< decahedrons, and other forms belonging to the cubic 

system. The colour ia while, inclining to green, yellow, 

or grey ; tbc lustre ia vitreous, the fractare conchoidal, 

, the hardness 6-5, and the sp. gr. 2-95. It 

ia insoluble in water, hut soluble in dilnle 
acids ; fnaea before the blowpipe into a 
globule covered esternally by acicular crya- 
tnls. When heated the crystals of boracite 
^^■^- exhibit the phenomena of pyroelectricity. 
It occurs in the aaccharoidal gypsum near Lnnohurg, 
in Brunswick, associated with quartz ; at Knlkberg, asso' 
cittted with rock-salt ; and Segeberg, naaociated 
knratenife. Fig. ti4 repreaenfs a boracite crystal. 
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A mineral reaenibliag boracite iu coustitntion, crjslnl- 
lino form, and general physical properties, but containing 
calcium in the place of magnesium. It occurs as minute 
white tetrahedral crystals on the quartz and ruhellite in 
tlie clay-filled fiasures of the granites near Sarapulsk, in 
tbe Urnl Mountains. Their hardness is 8, and their 
sp. gr. 3'4. They are eminently pyroeleotric. 

BonAX. («Sjm, Biborate of Soda ; Tincal.) 

A number of salts are included uuder this term. 

Ordinary borate of soda is Na,0. B,Os, or KaBO, ; 0)^ 

Nborate is Nn,0. SBjOj.or Na2B,0,; and borax iattM 
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first in various states of hydration. There are two prin- 
cipal kinds, viz., that which crystallises as octahedrons, 
having a conchoidal fracture, a sp. gr. of 1' 8, and a com- 
position corresponding to NaB02 + 2^ H2O ; and that 
which crystallises in oblique prisms isomorphous with 
augite, having a sp. gr. of 1*74:, and a composition 
corresponding to NaBOa + 5 H2O. The last-mentioned 
is the ordinary native borax, which is a white or greenish- 
grey, sweetish-tasting, soft substance, readily soluble in 
water, and easily fused by the blowpipe. It is found 
abundantly in certain salt lakes of Asia, round the borders 
of which it accumulates during hot and dry weather as a 
crystalline deposit; it is also found, though in smaller 
quantities, in mineral springs at Ghambly, St. Ours, and 
other places in Canada, and in Peru. 

Lardbrellite. (NH^ BO3 + H^O.) 

A borate of ammonia found in the form of flat rectan- 
gular yellowish-white transparent crystals in the lagoons of 
Tuscany. It is readily soluble in water. A borate of 
iron (FeBOa + 1^ H2O) has also been found in the same 
locality. It forms ochreous-yellow incrustations, and is 
called Lagonite, 

IIydroboracitb. 

It has considerable resemblance to fibrous gypsum, and 
appears to be a hydrated borate of lime and magnesia. 
It is a white translucent substance, generally spotted with 
red ferruginous clay. It readily melts before the blow- 
pipe into a clear glass, is slightly soluble in water, and 
readily soluble in nitric acid. 

BoROOALOiTE. (OaBOg + aq, S^n, Hydroborocalcite ; 

Hayesite.) 

A borate of lime forming a white crystalline efflores- 
cence on the plain of Iquique, in Ecuador, South Ame- 
rica. A similar mineral has also been found in one of the 
lagoons of Tuscany. Boronatrocalcite is somewhat similar, 
bat contains some sodium^ and more w&I^t. 
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A bylraled phosphate of ammonia aad magneua, 
crysUlliwiig in six-sided prisms, and having, when pore, 
a ycilow colour. It ia soluble in water and acids, and 
tutrlcM : its lastre ia vitreous, its hardness is 2, and iti 
Bp. f{r. 1'7. Before the blowpipe it evolves water emi 
ammonia, and fitsea into an opaque enamel. It has b«en 
fuund in the guano of ^oldanha Bay, Africa, and in a layer 
of soil largely imprognatedwilh animal matter benefllhllio 
fhnr^h of St. Nicholas, Hamburg, 

Ai'ATlTB, (^n, Piiosphorile ; Agnatite ; Moroxite.) 

Moit specimens of this mineral are apparently fluo- 

pboaphates of lime, but in aomo rare cases the fluorine 'a 

Skid to be absent ; so that probably it ia not an essential 

,- -,, ingredient. The crystals are aix-sided 

O prisma with modified edges, as shown in 
Fig. C5. Their lustre ia vitreoiiB, their 
hardness 5, and their sp. gr, S'3, Soma 
epecimens are colourless and transparent, 
Fifi. «. while others are various shades of green, 
yellow, bine, and red, while the amorphous are quita 
devoid of lustre. Apatite is with diiEcuIty fused by the 
blowpipe, and is soluble in both nitric and hydrochlorio 
fluidB. Atparagiit atone is a greenish -yellow variety from 
Zillerthal in Tyrol, and Villa Rica in Spain ; moroxUe in 
a green variety from Areudal, in Norway ; and photphoriU 
is the earthy variety whose powder becomes more or less 
phosphoreaccnt when heated. 

Apatite is found in rocks of almost every age and degree 
of consolidation. This phosphate of lime nodulea occnt 
in the limestones of the Laurentian system, in the clays 
of the coal measures, in the chalk and greensaud of 
France and England, and in several clays of the tertiary 
formation. It occLP.rs in a crystalline state in rocks of the 
granitic family, and is associated with the tin ores of 
Cornwall and Saxony. The schists of Norway, Switzer- 
land, and elsewhere contain it, as also the trachytes, Ibvsb, 
aad allied volcanic rocks of Geimany, Spain, Italy, and 
Other countries. 
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Pharmacosideritb. {Si/n, Cube Ore.) 

A hjdrated arsenate of iron occurring in forms be- 
longing to the regular system, and very similar to those 
of boracite. The colour is generally an olive-green, 
inclining to blackish -brown in the partially-decomposed 
specimens; the lustre is indistinctly adamantine, the 
hardness 2*5, and the sp. gr. 2*9 to 3. When heated it 
gives off water and turns red. At a higher temperature 
it evolves arsenical vapours, and fuses into a grey shiny 
slag. It is soluble in hydrochloric and nitric acids. It 
was first found in some of the Cornish mines lining cavi- 
ties in quartz ; amongst others, Huel Jane, Huel Gorland, 
and Carharrack mine. It also occurs at Burdle Gill, 
Cumberland, associated with quartz ; at Qraul, near 
Schwarzenberg, in Saxony ; at Puy les Vignes and St. 
Leonard, in France ; and in Australia. This mineral is 
probably a ferrosi-ferric arsenate corresponding to the 
formula FcgO^. AS2O6 + 6 H2O. 

ScoRODiTE. (Fe20s. A82O5 -|- 4 H2O, or Fe AsO^ + 

2 H2O.) 

This differs from the foregoing species in being a ferric 
arsenate, and in crystallising in forms derivable from a 
right rhombic prism whose vertical faces are inclined 
towards one another at an angle of 98^. The colour is a 
bluish green, somewhat like that of sulphate of iron, but 
it becomes brownish in decomposed specimens. The 
lustre is vitreous, the hardness 3*5, and the sp. gr. about 
3'2. "When calcined it first gives off water, then arsenical 
fumes, and ultimately it fuses into a greyish magnetic 
globule with a metallic lustre. It is readily soluble in 
hydrochloric acid. It is generally found in the same 
localities as pharmacosiderite. Pitticite is a mineral 
whose composition has not been well determined, but it 
appears to be a mixture of the hydrated arsenate and 
sulphate of iron. 

ViviANiTB. {Syn. Anglarite ; Blue Iron Earth.) 

This name is applied to several pVio^^YiAXi^^ ciH Ytwi. "V^ 
ahonld, perhapa, be restricted to ftio \.tv-fe\TC>\»» ^^«^^' 
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anaweriDg (o the formula 3 FeO. PgO, + S H2O, ot 
FcjPO^ + lHsO. Tho mincralB assigned to it arc, 
however, compoBcd of bydrated ferric and ferrous plioa- 
phatea mingled together in numerous proportioiiB. Ii 
cryatalliseB in mouoclinio crystals, wliicii are derivabla 
from an oblique prism almost identical with the primary 
form of gypsum. Like that mineral, it possessea a perfect 
cleavage parallel to one of its lateral facea, and yields 
lamiase which are slightly flesible. The facea thua pro- 
duced have a metallic pearly lustre, while the others are 
vitreoua. The colour is a pale green or an indigo-blue, 
which is darkest in the most weathered specimena. Un- 
altered specimens are almost colourleas, aa also are the 
uuejei of many earthy varieties. Artificial ferric phos- 
phate has no colour, but is turned blue by oiidation; so 
that it may be inferred that the blue of the nataral phos- 
phate is also due to oxidation. The hardness is about 2, 
and the ap. gr, 2-66. It is insoluble in pure water, 
slightly aoluble in carbonated water, and readily in 
hydrochloric or nitric ncida. Fine crystals of vtvianite 
occur at Euel Kind and other locoLities in Corn- 
wall; at Odin mine, in Derbyshire; at Bodenmais, 
in Eohemia, in gneiss ; in basalt at Bon^che, in France ; 
in fossil sheila al Kertach, in the Crimea; at Mullica 
Hill, in New Jersey, United States {far. Miillicite), and 
at Anglar, in France (var. Anglarile). The earthy 
varietiea frequently occur as reniform, globular, or fibrous 
masses, in muds and clays containing organic matter and 
iron oxides, and occasionally in bones and in the stomachs 
of animals which have swallowed bits of iron. 

Ehtthhine. {Si/n. Cobalt Bloom.) 

A hydrated arsenate of cobalt corresponding to, auii 
isomorphous with, the foregoing phosphate. Its primary 
form is a monoclinic prism with a very perfect cleavage 
parallel to one of its lateral faces, and readily yielding 
thin, slightly flexible laminae. The luatre is pearly on 
the cleavago faces, and \itt(;ous on tho others. The 
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colour is a carmine or rosy red ; the hardness varies from 
1*5 to 2*5 ; and the sp. gr. is 2*99. Its composition may 
be represented by the formula 3 Co As^Og + 8 HaO, 
or Cof As 0^ + 4 II2O. When heated, a little of the 
arsenical acid is evolved in fumes, and the remainder fuses 
into a blue glass. It is readily soluble in hydrochloric 
acid. Its principal localities are Carn Brea, Dolcoath, and 
elsewhere in Cornwall; Broomfield Consols mine, in 
Somersetshire ; Schneeberg, in Saxony ; and Arendal, in 
Norway. 

Nickel Bloou (NifAsG^+^HaO) is isomorphoua 
with erythrine, and occurs as an apple-green incrustation 
in a mine at Annaberg, whence the name Annabergite, 
which is sometimes given to it. Its sp. gr. is about 3*1. 

DuFRBNiTE. ( Si/n, Green Iron Ore ; Kraurite.) 

A hydrated phosphate of iron whose composition 
answers to the formula FeaPOv + 2i H^O, or 2 FcaO, 
PjOg + 5 H2O. Its primary form is a trimetric prism, 
with an angle of 123°. The colour is leek-green in fresh 
specimens, but brownish or yellow in the more altered 
ones. Its lustre is weak, its hardness 4, and its sp. gr. 
3*4. It is easily fused. It occurs in botryoidal masses 
with a fibrous structure, and in crystals associated with 
magnesium phosphates at Limoges, with limonite at 
Siegen, and at Allen Town, in New Jersey, United 
States. Mekmchlor may be a variety of dufrenlte. 

HUREAULITB. 

It is a hydrated phosphate of iron and manganese, 
occurring in rose -red or reddish -yellow translucent crystals 
in veins traversing pegmatite at Bureaux, near Limoges. 
These crystals belong to the monoclinic system, and their 
primary form is a prism of 61°. They are associated 
with triphylline and heterosite. Their hardness is 3*5 ; 
their sp. gr. 8*2. They are soluble in acid?, and readily 
melt before the blowpipe. 
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Tkii aW it a bydiated phoeplute of mutganeu and 
iron, conUitiing more ferrotu oxida sad less waUr and 
nunganoiu oxide than the hnreanlite. It has a greenisl) 
or falaiih-grey colour ivbea fresh, but a fine violet tint 
when altered. ltd sp. gr. is So, and it ocean along with 
buteaiditc, 

TaiparLUKB. 

A oomplicated iaomorphons mixtore of tlie bydrated 
phoaphatea of iron, manganese, and lithium. The mine- 
rals aaugned to it vary considerably in the compositioti, 
and hence acarcely any two authorities agree in the 
formula they give it. The crystals are rare, and some- 
what resemble the topaz. The colour is greenish-grey 
or bluish, passing into brown and black by decom portion. 
The luEtre is reaioouH ; the hardness 5; and the sp. gr. 
36. It dissolves readily iu acids, and yields a magnetic 
black slag when fused by the blowpipe. It is found nt 
Bodenmais, in Bavaria, associated with the common beryl. 
Ttlrajphi/Uine, Alluaudile, Pieadotriplite, and the black 
cryet^ found at Norwich, in BlassachuBetta, arc probably 
altered varieties of Iriphylline. 

Ti!irLiTE. 
An anhydrous phosphate of manganese and iron found 
ia the pegmatite of Alluaud, near Limoges, associated 
with the foregoing phosphates. It forms crystalline 
niaases, having a blackish or dark broivn colour, e 
lustre, a flat conchoidal fracture, a hardness of US, i 
sp. gr. of 3-5, It is soluble in hydrochloric acid, t 
readily fuses into a magnetic block glubule. 

ZwiESTLiTB. {Syn. Iron Apatite.) 

This mineral very nearly resembles tripbyiline, but 

differs from it in containing a little fluorine. Its sp. gr. 

is 3'9. It forms lumps in the granite at Zwiesel, near 

Bodenmnie, Bavnris. 



■, but 
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MoNAZiTE {Si/n. Edwardsite ; Mengite ; Eremite.) 

A phosphate of cerium, lanthanum, and thorinum, 
occurring in small flat crystals of a brownish-red or yel- 
lowish-brown colour, a resinous lustre, a hardness of 5 to 
5*5, and a sp. gr. 4:* 9. It is soluble in hydrochloric acid, 
but infusible by the blowpipe, the heat of which simply 
turns it greyish. It is found in granite at Slatoust, in 
the Ural Mountains; at Norwich, in Connecticut; at 
Rio Chico, in New Granada ; near Crowder*8 Mountain, 
North Carolina ; and at Halle, in Norway. 

Wagnerite. 

A fluo-phosphate of magnesia (3 MgO. PgOg + MgF, 
or MggF PO4) crystallising in monoclinic crystals of a 
yellowish colour and a vitreous lustre. The hardness is 
6'5 ; the fracture splintery and uneven ; and the sp. gr. 
3*16. It is fused, on the edges only, by the blowpipe 
into a greenish-grey glass, and when put into hot sul- 
phuric acid it evolves vaporous hydrofluoric acid. It is 
a rare mineral, the only locality being the quartz veins 
traversing the clay slate of Hollengraben, near Werfen, 
in Salzburg, 

Amblygonite. 

This is a rare mineral, whose composition has not been 
definitively determined. It is considered to be phosphate 
of alumina and lithia, which generally contains more or 
less fluoride of aluminium and lithium. It is found in 
minute rhombic prismatic prisms of a greenish colour, 
and with a vitreous lustre. It is fusible by the blowpipe 
into a glass which is opaque white when cold. It is 
found in the granite of Chursdorf, near Penig, in Saxony, 
associated with tourmaline and topaz ; at Arendal, in 
Norway ; and at Hebron, in Maine. 

Herderite is another rare mineral about which little is 
known. It appears to be nearly allied to amblygonite, 
and to be a phosphate of alumina and lime, mixed with a 
little fluoride of lime. It is found in tk^ i\w \McsiRSk ^ 

Q 2 
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Ebreofriedendorr, in Saxony, oaaociated with fiaorspai 
and apatite. 

Lazdlite. (Si/n. KlaprotLine ; Voraulite ; Azurite , 
Blue Spar.) 
A liydrated pitosplinte of alumina and magnesia, gene- 
raiiy containing a little pliospLate of iron. It cryetijliaeB 
iu mococlinic priBma of 91° 30', which are generally modi- 
fied on their basal edges by a Bet of facea which givo the 
tenninations BOmewhat the appearance of rhombic octa- 
bedrotiB. It is UBUally met with in grnnidar masaea. 
Its colour is blue, bnt of different shadee in different 
directions ; thna, when looked through in the direction 
of one axis it ia deep blue, but when looked throngh 
in another direction it is greenish blue. Some varieties 
have a grey or brown colour. Ita lustre is vitreous ; its 
fracture uneven ; ita hardness between 5 and 6 ; nnd its 
Bp. gr, 3-1. At a moderate beat water is given off, and 
the colour ia dcatroycd ; at a higher heat it swells up anil 
falls into a powder, bnt does not fuse. After it haa been 
ignited it ia completely aolublc in acids. It is found iu 
tlio quartz vcina traversing the mica schiata near Werfen, 
in Salaburg ; near Vornu, in Styria ; at Zermatt ; Tijuco, 
ia MinuB Geraea province, Brazil ; at Crowder'e Mountain, 
ia Lincoln co., North Carolina; and in Geo 






Calaite. (Si/n. Turquois ; Agaphite ; Johnite. 
A bydrated phosphate of alumina, which at present 
only known in an amorphous state. It has a peculiar 
bluish-green colour, a slightly conchoidal fracture, a waxv 
lustre, a hnrdneaa of C, and a ap. gr. of about 2'6. When 
heoted tiie water is driven off, and the mineral turns 
black; when acted on by the blowpipe it turns brown 
without BwelHng up, and colours t!ie flame green. It is 
soluble in acids without efforveacence, by which choracter 
it may be diatingnishod from another mineral, known as 
occidental or bono turquoia, which is bone coloured by 
certain metalUc oxides, Calaite is found near Nicbabour, 
or Nishapur, in PcTBin; at Jovilnnsmiihle, in Silesia ; nnd 
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at Oelsnitz, in Saxony. The formula generally given to 
it is 2 AljOg. PjOg + 5 H-,0. 

Peganite differs little from calaite, so far as chemical 
composition is concerned, being represented by 2 AlgOg. 
PgOg + 6 HaO. It is found at Striegis, in Saxony, in 
crystalline crusts formed of acicular rhombic prisms of 
about 127^ Their colour is greenish ; their hardness 
about 4 ; and their sp. gr. 249 to 2*54. 

F'tscherUe is a mineral very similar to that last de- 
scribed. It occurs in greenish masses, composed of 
rhombic prisms of 118° 32', and having a sp. gr. of 2'4:, 
It is found in clay slate at Nischne Tagilsk. Its formula is 
2 AlgO. PgOj + 8 HjO. 

Wavellite. (S^n. Devonite ; Lasionite.) 

It is a hydrated phosphate of alumina, generally repre- 
sented by the formula 3 AI^Oj. 2 P.Og + 12 Rfi. It 
occurs in mammillated or globular concretions having a 
fibrous structure, which are composed of an aggregation of 
rhombic prisms of 126° 25'. Their lustre is vitreous, in- 
clining to pearly ; their colour is white or greyish in the 
crystals, and greenish -blue, yellow, or dark brown in the 
mass ; their hardness is 3*5 ; and their sp. gr. 2*3. When 
moderately heated the water is given off, while at a higher 
temperature it swells up, turns white, and at the same 
time the flame is tinged greenish. It is soluble in hot 
acids. Its localities are in veins traversing clay slate at 
Barnstaple, in Devonshire ; St. Austell, in Cornwall ; at 
Clonmel and Cork, in Ireland ; in Scotland ; at Zbirow, 
in Bohemia ; and other localities in Bavaria, Greenland, 
Mexico, United States, and Brazil. 

Variscite is probably an amorphous variety. 

Haidingerite. 

A hydrated arsenate of lime, occurring in minute tri- 
metric prisms aggregated into crusts and botryoidal 
masses. Its lustre is vitreous ; its hardness 1*5 to 2*5 ; 
and its sp. gr. 2*8. It is exceedingly rare; the few 
epecimens in cabinets are suppoaed lo \w«^ ^orcckR ^x^'vsl 
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Joaeliiinsthfll, in Bohemia. C'rvstnls similar lo bnidingerite 
bave boon furmed artificially. 

pHARMAOOI.irE. 

Tbts, like tbo lost, is a hydrntod orsennte of lime, hnt 
it difFors in coutoiuing a larger proportion of water. It 
generally occurs in aciciilar prittms, or Bmnll fibrotia inam- 
iiiilUted niasaOB. The cryslala are monoclinic ; their 
bistro ia vitreous ; their fract are uneven; tbeir hardness 
2-5 ; and their ep. gr. 2-7. They are generally white, 
but ore soraetiraos tinged with red. When heated on 
cbarcoHl, arsenical fumes and water arc given off, and at 
a higher temperaturo it fuses into a white enamel. It is 
associated with gypsum and barytlno at Wittichen, in 
Bnahia, and probably with haidingerito at Joacbimstha], in 
Bohemia. It is also found at Riecbolsdorf, 
Aiidreaaherg, in tlio Harz ; and at St. Marie nux Mini 
in the Vosges. 

Picropharmacolile is a variety containing a small pi 
portion of magnesia. 

Ldnnite. {Sffii. Phoapliochalcite.) 
A mineral of an emerald-green colonr fonud in fibrous 
or radiated maasea, which are compofled of monoclinic 
prisms. The hnrdneaa ia 5, and the sp. gr. is 4'3. Lun- 
nite ia aolnble in ammonia and nitric acid; when calcined 
it gives off water, and yields a globnle of copper when 
Tiiaed with soda or charcoal. It is a hydrated phosphate 
of copper. Its principal localitiea are Cornwall ; Nischne 
Tagilafc, in the Urals; Hirschberg, in the Voigtland; 
Ehl, on the Ehine ; and Vii-neberg, in Rhenish Prussia™ 
Its formula ia G CuO. P.O^ + 3 H,0. jM 

'LlBEiaESlTK. ^ 

A hydrated pliosphate of copper (4 GiiO. PjOj + H^O). 
of a green colonr, a resinoua lustre, a barducas of 4, and 
a sp. gr. of 3'6. It is found in mica achiat at Libethi 
in Hungary ; Nischno Tagilak, in tlia Ural Mountai 
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at GunniB Lake, near Oallington, in Cornwall ; in Ohilii 
Bolivia, and Africa. 

Pseudolibeihenitc i« a similar mineral, but contains two 
atomic proportions of water. The crystals of libethenite 
are right rhombic prisms of 92° 20', and are isomorphous 
with those of olivenite. 

TagUite (4 CuO. PjOg + 3 H,0), DiKydrite (5 CuO. 
PgOj + 2 H,0), and Ehlite (5 CuO. Vfi^ + 3 H,0), ate 
minerals closely allied to libethenite, and distinguished 
from it by very slight differences in their physical pro- 
perties. 

Olivekitk. (/Syn. Prismatic Arsenate of Copper ; 

Pharmochalcite.) 

An arsenate of copper in which a portion of the arsenic 
acid is frequently replaced by phosphoric acid. It occurs 
in spherical lumps with a fibrous structure, due to its 
being composed of acicular prisms ; the prisms are right 
rhombic with an angle of 92° 30'. Fig. 26, PL II., 
represents a crystal of libethenite, and Fig. 27, PI. II., a 
crystal of olivenite. The lustre is vitreous, the colour 
olive -green, the fracture conchoidal or uneven, the hard- 
ness 3, and the sp. gr. 4*1 to 4*4. Its chemical formula 

is 4 CuO. As : P, Oj + H^O. Its principal localities 
are Bedruth, in Cornwall ; Alston Moor, in Cumberland ; 
Zinnwald, in Bohemia ; Nischne Tagilsk, in the Urals ; 
Camsdorf, in Thuringia ; and elsewhere. 

Erinitb. {Syn, Chalcophyllite.) 

A hydrated arsenate of copper corresponding to dihy- 
drite amongst the phosphates, so far as chemical composition 
is concerned (5 CuO. As^Oj -}- 2 H,0). It is an 
emerald-green substance, crystallising in transparent 
hexagonal plates, which have a remarkably easy cleavage 
parallel to their large faces. Their hardness is 4*5 to 5, 
and sp. gr. 4*04. 

Clmadcue {Syn, Aphanese; Abichite) is, chemically, 
very similar to erinite, its formula being 5 CuO. As, 
Of +5 HaO. It has a bluish-green c^lovi^^^VvL^a^^Rgi^ 



ti i, wad Mt^^. of 4*4. It V fcoad Jtaag with oflier 
I af copfv *>> CevBwaD, Mid anr fiaida, in tin 

k (^M. Lcpoc fa t i he ; SiipfcnA«iin) has the 

'ftaB&elMt,«itl>theadditiDBor5HaO. It 

■M, iritb a ndiated strnctnre, haTiag 

I celoar, a peariv laatre, a iLardBess of 1'5 bi 

9Mp.gt.ot 3*1. It geneT«I1j contains a little car- 

t fine, ao tiuU wheii immeneil in ao Hcid it dis- 

c«nc«. It ia found at Falkenstein, in 

Ibe Tyrol ; at Foaiiig, in Himguy ; in Siberia, Itnly, 
and Spain, 

Eiiehroiti it a bydrated arsenate of cnpper, baring tlie 
fononia 4 CaO. As,0,+7 H,0. It cryBtaLisea in right 
rhombic prtEcia of 117^ 2*7. Its hanlni^ss is 4, its B|). 
gr. S-4, aLd the only recorded locality ia Libethen, in 
Hongary. 

LinconiU. Its formnla is 4 CiiO. Ab.O, + 10 H,0. 
It crystallises in trimetric crystals, having a blae colour, 
a barJneas of 2 to 3*5, a sp. gr. of 2'9, and a vitreous 
lustre. 'WLen heated it first tarns green, then brown, 
atid ultimately mella into a red globule. It is found at 
Hucl Gorland and Hael Unity, in Cornwall; at Herrcn- 
gmnd, in Hnnguty; and at DUersrenth, in Ihe Voigt- 
land. J 

PrnosionpHiTE. (Syn. Green Lead Ore.) ^B 

It crystallifles in licxngonal prisms {Fig. 24, PI. II.}, 
having a green, yellow, or brown colour. The lustre is 
resinoas, the hardness 3*5 to 4, and the sp. gr, G"9 to 7. 
It is readily fusible by the blowpipe, and soluble in acids. 
It is a phosphate of lead combined with a cMoride of lead, 
and is iaomorpboua witii mimetesite and apatite. By the 
mingling of these three species a number of minernls are 
formed. Pyromorpbite is fonnd in nssociation with galena 
and cernsite, at Huelgofit, in France- Hofiagtnnd, in 
Briegaa; Zschopau, in Saxony, T.eWeAdi.S.M'Cini'ttjOT.-, 
•od ia many other localU'vea. ^M 
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MiMETEsiTB. (S^n, Mimetite ; Hedyphane ; Kampylite.) 

A yellowish-green substance isomorphous with pyro- 
morphite, and including a number of minerals which are 
either pure arsenate of lead combined with chloride of 
lead, or a mixture of this with one or other of the varieties 
of apatite or pyromorphite. It crystallises in hexagonal 
prisms, having a hardness of 4, and a sp. gr. of 7*2 in the 
purer specimens. The colour is pale yellow, and the 
lustre' is resinous. In kampylite the colour is orange - 
yellow, owing to its containing a little chromate of lead ; 
while in hedyphane it is whitish, in consequence of the 
presence of phosphate of lime. It is fusible by the blow- 
pipe, and soluble in nitric acid. Mimetesito occurs in 
well-defined crystals at Badenweiler, in Baden ; at La 
Blanca, Zacatecas, in Mexico ; at Phoonixville, in Penn- 
sylvania ; at Prepbrajansk mine, in Siberia ; at numerous 
localities in Cornwall, Cumberland, and Yorkshire ; in 
Chili, and in Sweden. Hedyphane is found at Langbans- 
hytta, in Sweden; and kampylite at Caldbeck Fell, in 
Cumberland. The last-mentioned variety occurs in 
prisms with curved faces, which have some resemblance 
to a barrel in form. 

Xenotime. (3 YD. P^Og.) 

A phosphate of yttria crystallising in dimetric octa- 
hedrons, having a yellowish-brown or flesh-red colour. 
Their hardness is 4*5; their sp. gr. 4*5; their lustre 
resinous ; and their fracture uneven and splintery. It is 
infusible by the blowpipe, and insoluble in acids. It is 
found in granite, associated with orthite and polycraso at 
Hitteroe, in Norway ; and Ytterby, in Sweden. It has 
also been met with in the gold washings of Clarkeville, in 
Georgia. 

Castelnaudtte appears to be an impure variety. It 
occurs in grains and small crystals in the diamond-con- 
taining sand of Bahia. 

Cryptoiatt^. 
It IB a phosphate of ceriwm ttomlV^ ^-^^^xX.^ ^^ Kx^-^^^^ 
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in Norway. It crfstalliges in wine-yclIow liexagocsl 
priiRU, hsvingaap. gr. of 4'G. Its formula, 3 CeO. PjO,, 
U uialogoag to that of xenoUme. 

f'Kot^tKeriU ia ftppnrently a variety containing a small 
[Toportion of the phuspUatL'e of lantLanum and didvtniani. 

CiliLOoLiTB. {Sun. Copper Urfinite ; Torbcrite.) 
A minGral Iinviug an c me rnliJ -green colonr, inclining t: 
jcUoniah-grecD, and cryetnllising in ilimetric oGtahedrooe 
or priams. Ciiemically it is a bydrated phosphate of 
copper and nraninm. The hardness iB2'£; the sp. gc- 
3'6. It fnaea before the blowpipe into a darlc masa, an<l 
imparta a bhiisli-green colour to the flame. It is aoiable 
ill nitric acid, yielding a yellowish-green solution. It i^ 
found iu the tin and other metallic lodes traversing (he 
granitic and micflcegus rocka. The ganguc is an opaque 
rjuarle, and the asBOciated minerals arc fluorspar anil 
fL'lspar. It is found at Gunnia Lake, and near Redrutl, 
in Cornwall ; at Eibenstock and eUewhero in Saxony ; nt 
Joachinislhnl, in Jlohemia ; and in Belgium, 

Uranitb. {Syn. LimoUranite; Uranium Mica.) 
It has a citron-yellow colour, and crystallises (though 
rarely) in minute well-defined crystala, wlioae primary 
form is a right rhombic prism of 90° 43'. Its usual mode 
of occurrence ia in laminated clusters. The sp, gr. ia 
3-2, the hardness ia 1-2, and the lustre is pearly on eome 
facee, but adamantine on others. When heated the water 
is partially driven off, and the mineral becomes opaque. 
It liuea into a dark-coloured globule, and is soluble in 
nitric acid, yielding a yellow solution. The latest re- 
Bcarchoa on thi^ mineral appear to indicate thnt its 

fomula ia cT:'!)", 0, P^O, -J- 12 n,0. It is found in 
the gronitio rocks near Limogoa and Autun, in Franco ; 
at Eibenatoek, in Saxony ; at Wolf Island, Late Onega, 
iu Russia ; at Cheaterlield, Massachusetts ; at Ackwortb, 
Now Ilampaliire; and at Broachvillo in Conn. 



HYDROCYANITE ^KIESERITE. 84? 

Hydroctanite. 

TMs is the anhydrous sulpliate of copper, crystallis- 
ing like other sulphates in the trimetric system, the 
principal angle of the primary rhombic prism being 
121° 4'. The colour is pale green, brownish or yellowish, 
as also sky blue. It is completely soluble in water and 
readily effloresces in contact with the air. When pre- 
served in the matrix, and not touched, the crystals will 
remain unaltered for several days, but if they are 
removed or are touched they change colour alnK>Bt 
immediately. The crystals first change by assuming a 
blue colour owing to the assumption of water, then 
slowly split up into a number of minute granules or 
crystals. Efflorescence is usually the consequence of 
the loss of water, but in this ccuse it is accompanied by 
absorption of water, and thus becomes converted into 
ordinary blue vitriol or cyanosite. The name alludes 
to its property of becoming blue when combined with 
water. It was found by Scacchi at Vesuvius amongst 
the products formed by sublimation during the eruption 
of October, 1868. 

KlESERITE. 

The hydrated sulphate of magnesia with one atomic 
proportion of water crystallising in the trimetric system. 
It usually occurs in beds several inches thick. The 
colour varies from white to yellow ; the hardness is 2*5 ; 
and the sp. gr. 2*5. It has about the same degree of 
solubility in water as gypsum. Its association with 
camallite and rock salt at Stassfurt is due to the 
evaporation of sea-water from which these minerals are 
deposited in definite accordance to the degree of con- 
centration. When the ordinary sulphate of magnesia 
is exposed at a red heat to a current of steam it is 
decomposed, but kieserite differs from it inasmuch as 
all the sulphuric acid is carried off under these circum- 
stances without being decomposed. 



848 ilesite eosphoritb. 

Ilesitb. 
It is a hydrated sulphate of manganese with four 
atomic proportionu of water, met with in loosely adhe^ 
rent maascs of prisms, which are white, friable, and 
casilj aoluble in water. They have an astringenl 
bitter taste. They form veina 6 to 8 inches vide iii 
Hall Valley, Fark co., Colorado. 

Mallaudite. 
This is the hydratcd sulphate of manganese with 
Boveu atoms of water, analogous to epsomite and allied 
sulphates. It probably belongs to the monoelinic system. 
It dissolves with great eaae in water, and ia rapidlj 
changed when exposed to the ii'eather, effervescing and 
crumbling into a powder. Camot found that the salt 
which crystallised out from a solution of sulphate of 
manganese at GO'' F. consisted of trialinic crystals con- 
taining five atomii; proportions of water, while at about 
40" the seven atom salt appeared in monoelinic crystals. 
Mallardite occurs in a kind of clay in the Lufky ~ 
silver mine, near the Salt Lake of TJtah. 
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NlTHOEAElTE. 

Colourless crystals of nitrate of barium bare been 
found in Chili, and named nitrobarite, which occurs 
in octahedrons buUt up by the twining of positive and 
negative tetrahedrons. 

FuLOWITE, 

It is a phosphate of manganese and iron which seems 
to be essentially the same as triplite. The crystals 
appear to be rhombohedrol but are really monoelinic. 
It occurs with other mauganesion phosphates in a vein 
of granite at Branchvillo, Connecticut. 

EosrnoETTE. 
A hydrated phosphate of manganese and iron, the 
CiTBtah of which belong to tlvo trimctric system, 
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rorming prisms with yertical strise; but it usually 
occurs in compact masses. The hardness is 5 ; the sp. 
gr. 3*1 ; the lustre vitreous to subresinous and greasy ; 
the colour rose-pink in the crystals, whence its name, 
and light shades of grey, yellow, or blue in the com- 
pact form. In the closed tube it decrepitates when 
strongly heated, becomes white, gives off neutral water 
in abundance, and the residue turns first black, then 
grey, and finally linen brown, acquires a metallic lustre 
and magnetic properties. It is fusible by the blowpipe 
and soluble in acids. It occurs in pegmatite at Branch- 
viUe, Connecticut, along with other phosphates of man- 
ganese. 

ChiUrenite is a similar compound in which the ferrous 
oxide predominates over the manganese. 

DURANGITE. 

An arsenate of alumina and soda which crystallises 
in monoclinic crystals of a vitreous lustre and of a 
bright orange-red colour. Hardness 5 ; sp. gr. 3*95. 
It easily fuses into a yellow glass. On charcoal it yields 
a white volatile sublimate with a strong arsenical odour 
when exposed to the reducing flame. Sulphuric acid 
decomposes it with evolution of hydrofluoric acid. It 
is found neai' Durango, Mexico. 

Brtjshitb. 

A hydrated phosphate of lime crystallising in mono- 
clinic crystals, which are colourless or pale yellow, 
pearly and vitreous in lustre. Hardness 2 to 2*5 ; and 
sp. gr. 2*2. It fuses easily in the blowpipe flame, in- 
tumescing and colouring Ihe flame green. It dissolves 
readily in dilute nitric and hydrochloric acids. It 
occurs in the guano on the islands of Aves and Sombrero. 

Metabrmhitej which is also found on Sombrero, has a 
similar composition, the chief difference being that it 
has a smaller proportionate quantity oi^^V^'^. 
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TTbakogiroits. 

A. H. Church has examined a specimen from Fal- 
kcnstcin, in Yoigtland, and finds it to be a baiyta- 
uranite having a composition answering to the foimula 

Ba 0, 2 UOs Pa Oj + 8 H, O. 

It is analogous to chalcolite and uranite, but more 
nearly resembles the latter, readily parting with most of 
its water of crystallization* 
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Alum ammonia, 330. 

iion, 380. 

magnesia, 330. 

manganese, 330. 

potash, 329. 

soda, 330. 
^uminite, 327. 
dLlumstone, 327. 
Alunite, 327. 
Alunogen, 329. 
Amalgams, 90. 

native, 91. 
Amazon stone, 280. 
Amblvgonite, 339. 
Amethyst, 173, 189, 190. 
Amianth, 233. 
Ammonia, 67. 

chemical composition 
of, 15. 

fonnnla for, 15. 

hydrochlorate, 153. 
Ammonium, chloride, 153. 
Amoibite, 129. 
Amphigene, 271. 
Amphodelito, 274. 
Analoime, 299. 
Analyses and formnlee, the 

reason they do not al- 
ways correspond, 16. 
Anatase, 185. 
Ananzite, 291. 
Andalusite, 251. 
Andesiae, 277. 
Andreolite, 298. 
Anglorite, 335. 
Anglesite, 320. 

cupreous, 326. 
Anhydrite, 318. 
Ankerite, 210. 
Annabergite, 337. 
Anorthic system, 83. 
Anorthite, 273. 
Anthophyllite, 228. 
Anthosideiite, 294. 
Antigorite, 243. 
Antimonial nickel, 105. 

silver, 104. 
Antimonite, 120. 
Antimony, 84. 
Antimony blooio, ^Sfl . 

grey, 126. 



Antimony, white, 197. 
Antimony glance, 126. 
Antimony ochre, 196. 
Apatite, 834. 

iron, 338. 
Aphanese, 813. 
Apjohnite, 380 
Aplome, 258. 
ApophyUite, 287. 
Apyrite, 802. 
Aquamarine, 286. 
Ajraanite, 317. 
Arctizite, 261. 
Ardennite, 806. 
Arendalite, 265. 
Arenilla, 166. 
Arfwedscmite, 236. 
ArgentiLte, 12, 88^ lit 
Arkansite, 186. 
Arksutite, 159. 
Arqueiite, 91. 
Arragonite, 201. 
Arsenargentite, 146. 
Arsenic, 83. 
Arsenic, white, 195. 
Arjenic bloom, 195. 
Arsenical cobalt, 103* 

nickel, 105. 

pyrites, 130. 

suver, 105. 
Arsenides, 108. 
ArseniouB aeid, 195. 
Arsenite, 195. 
Arsenolite, 196. 
Asbestos, 233. 
Asmanmte, 200. 
Asparagus stone, 834. 
Aspasiolite, 266. 
Asterias, 178. 
Astrakanite, 828. 
AstrophyUite, 270. 
Atacamite. 166. 
Atheriastite, 261. 
Atlasite, 2ia 
Atlas ore, 218. 
Atmosnhsns^ 'ak£^'V^« 



Blowpipe 

Blue johD. 169. 
Bodanite. aei. 



Koetioiis, Ubl« Cu-bon, 




grophite, 77. 

Carbanate^SDI.' 
Carbonic aoid. 16, 89. 



IJABINCTONITE, 2M, 
f* Ilognitioiiile, !W. 



Baltimorile, 243. 



Barrllta, m. 

«ibcKuiti]or,2D3. 
BuTline-SlO. 
BurTtOHlDilo, 3ia. 
Borjio-iieleetiDe, Sin. 
BuTio- ■troDtlunlU, 104, 

ButJte, 243. 

Both oprinffBt yield of oitro- 

g«D at Ue, 68. 
Bitnclute, a!3. 
BdDlite, SSD. 
Bauxite, 101. 
Bavuliin nby, I EN}. 
BeeUtc, 193. 
BcU-matit] ore, lai 
Belonite, 137. 
Biinhlmte, 144. 



BotrfoHtiii, 3S3. 
BotiT^al ttmebm, 3B 
BoCiTOlitagSOS. 
Boulugmte, 13fl, 
BonropDlte, 187. 



Brocbuitlte, 3K. 
BromideB, lia. 



[otDlita, »a. 
.roniiTite,165. 
ntiigiilaimtc, 14 



BroBEite, SIO. 
Srowospar, i09, 31( 



Cagtoluaadlte,' Slfi .' 
Caator, sag. 

CaTolloito, 172. 

CdeBtine/siS. 
CelliilHppyrtte«,KS. 



CtaabBstte', SOO. 
Chalcedoiiioa, 191. 
Chalnedonv. |M. 
CtaalcwUte, 3ie. 
CbalcomGuite, ISO. 
Chalcophjlllte, 313. 
Chalcotrichila, 163. 
Cbslk, led, 17S. 
ChalbuiHutfl, 3M. 



bolybite, !u 



Cbemiiud nDinnositlcm el 
idinerals, fiyflroohlorK 
ooidaa aneianiiileii'" 



Bismutute. 1S6. 
Bismoth ochre, 107. 
Blemaate, !1T. 
BitterniBj, SDS, 
Blaokjack, II!, 

I Blende, ll?" 
BISdite, 323. 
Slowpipe, SO. 
meHtod of using, I 
redooJiie'fluDe.&l. 
\ tactdiOag flame, 61. 
I Adxcs, GZ. 
u-0iiaaialain plale, 55. 



Calamine,^ 21!. 

oIBeuaant,'!44. 
CalHmite, 2BZ, 234. 
Calcoreoui bila, iOS. 

Calcinm, Snoiide of, 1li6. 
CaloBpar, 20€. 
Cnledonite, 32S. 
(klomelilW. 
CeAstnnAiBiT^, Wt, 

Canocisi^.Wa. 

Canute, vea. 

Cail»n.ia. 



Chemical formulte. hei 
r, piss of, 11. 

CHeiQical imp\Di(y, tHu 

ses, affeoteSby, 16. 
Cheaaylite, Bi8. 
ChestetUie, 2S0. 
Chiastollte, !fi2. 
Childrenlto, S49. 
Chtltonite, 996. 
Chiolita, itB. 
Cliivla«le, tsa. 
CmomUniainlte, 101). 
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Chlaroph^llite, 26!f. 
Chlarospmel, 167. 
Choke cuunp, 65. 
Chondrodite, 224, 247. 
Christiaiiite, 898. 
Ghromatei. 80O. 
Gliroine oome, 292. 
Chromio iron, 168. 
Chromite, 168. 
Chromtxiootite, 199. 
GhrysoDeryl, 170. 
ChrysoooUa, 246. 
Chrysolite, 222. 
Chrysolite, hemiprismatio, 
224. 

oriental, 170. 
ChrysopiaBe, 192. 
ChrysotUe, 248; 
Chusite, 228. 
Cimolite, 291. 
Cinnabar, 90, 117. 
Claosihalite, 110. 
Cleavage, planes of; 86L 
Cleayeianatte, 277. 
dinochlore, 800, 801. 
Clinodase, 848. 
Clinohnniite, 247. 
Cloanthite, 107. 
Cobalt, arsenical, 108. 

grey, 108. 

earthy, 181. 

solpharsenide o^ 128. 
Cobalt bloom, 830. 

glance, 128. 

ochre, 181. 

pyrites, 181. 

vitriol, 824. 
Cobaltine, 12a 
Coooolite. white, 229. 
Colioradoite, 146. 
Oolpphonit^ 266. 
C^onr of luoerals, 46. 
CQlnmbite. 809. 
Compoima gam, 68. 
Oondioidalnaotare, 88. 
Goadarxite^ 108. 
Caatraotiiig and eocpanding 

foroefl. 7. 
Copiapiie, 826. 
Copper, 91. 

properties, 99. 

blade, 168. 

Une, 11& 

blue carbonate, 218. 

capillary red oxide of; 
162. 

chloride o^ 166. 

emerald copper, 246. 

copper ^ance. 116. 

green carbonate o^ 218. 

ruby copper, 161. 

snlphantimonite, 144. 

Bolpharsenate, 145. 

prismatio arsenate oi^ 
848. 
Copper pyriteSf 192, 
Cfoppena, green, S23. 



Copper ore, bine, 218. 

yellow, 182. 
Coqnimbite, 828. 
Cordierite, 265. 
Cork, moontain, 233b 
Comndnm, 172. 
GOTTnite,149. 
Cottesite, 200. 
Cotmmite, 157. 
Conzeranite, 262. 
Covelline, 118. 
Crednerite, 177. 
Crichtonite, 176. 
Crispite, 184. 
Croooi8ite,814. 
Crookesite, 149. 
Cross stcne, 219. 
Cryolite, 168. 
Cryptolite, 845. 
CiTstal. rock, 188. 
Crystalline forms of mine- 
rals, 17. 

deriyative forms, 28. 

imperfidot forms, 87. 

pseudoisometric forms, 

Crrstalline stmctnres, 87. 
Cube ore, 885. 
Cube spar, 818. 
Cubioite, 299. 
Cuprite. 12, 161. 
Cyanosite, 822. 
Cymqphane, 170. 
Cyprine, 260. 



TVANA'd definition of a 
•*-' mineral, 1. 
Danaite. 180. 
Danbonte, 806. 
Barwinite, 104. 
Datholite^ 808. 
Danbreehte, 149. 
Davidsonite, 286. 
Dayvne, 278. 
Dechemte, 818. 
De la Fosse's deflnitioinof 

a mineral, 1. 
DelanoTite, 288. 
Delphinite, 265. 
Bemidoffite, 246. 
Dermatin, 248. 
Dermatite, 243. 
Descloizite, 813. 
Desmin, 296. 
Deronite, 841. 
Diadasite, 230. 
Diallage. 229. 
Diallogite, 212. 
Diamond, 78. 
Diaphorite, 160. 
Diaspora, 177. 
Diatomic elements, \^-7fi. 
Diohroite, 265. 
Didydrite,84S. 
Diilnite,289. 
Dimetzio SYVtem, ftv. 



Dimorphine, 127. 
Diopside, 228. 

asbestiform, 229. 
Dioptaae, 246. 
Diinrre,261. 
Distiiene, 264. 
DiitinotiTe properiiee of 

minerals, 89. 
Bog's tooth spar, 206. 
Bolomite, 209. 
Bomeykite, 103. 
Breelite, 820. 
Bu£renite, 887. 
Bufrenoysite, 14L 
Burangite, 849. 
Byscrasite, 101. 
Dysluite, 168. 



T7DELF0ESITE, 221. 
^ EdeUte,296. 
Edwardsite, 889. 
Egerane, 261. 
£hlite,848. 
Eisenkiesel, 189. 
Ekebergite, 261. 
ElfiBoUte, 272. 
Elasmose, 120. 
Electric phenomena of mi- 
nerals, 49. 
Electrum,99. 
Elements, table o^ 24. 
Eliasite, 170. 
Embrithite, 188. 
Emerald, 285. 

prismatic, 286. 
Emerald nickel, 216. 
Emmonsite, 204. 
Enargite, 146. 
Bnstatite, 226. 
Eosite, 816. 
Eosphorite, 848. 
Epidote, 264. 
Epidote, white, 223. 

lime, 268. 
Ej^stflUte, 297. 
Epsomite. 822. 
Epsom salts, 822. 
Eremite, 839. 
Erinite, 290, 848. 
Erubesoite, 147. 
Erythrine, 886. 
Esmarkite, 266. 
Essonite, 267. 
Ether, 41. 
Enchroite, 844. 
Enclase, 286. 
Eucryptlte, 306. 
Endialyte, 810. 
Eukairite, 119. 
Eukolyte, 310. 



I 9S4 

V' 

r TiUunlle, Wa. 
Pihhmltik hud, aes. 
FuHitctW. 

FmU»«, 141. 
FcUoburita, ITS. 

Ctn^DT, 'its. 
■Dds.ITT. 

POtMh, ITS. 

Pit OUgJMe, 111. 



Ql« Bcb'ori, SCO. 



Hortti,lH. 
Hi* (torn, in. 
Fiih-eT< itoiio, W!. 






Qnnlte, gimphio, SfB, 



onmpici cpf obemiGal. 

epeidUo giavitl a (est 
pfthevslueofafor. 

ForiDulffiand aj]iil7eeR,tlia 
reana tberdonotalvaya 
coiTCBpcma, Ifl. 

Fuwlerlte.'sse.' 



Guanajiutile, 148, 
Gdrhomtfl, W3. 
OsiDlitc, S3B. 
Qynmite, 242. 
Onmra, 321. 



Oearkantite, 159, 
Qedrite, 228. 
OebJeoite, 2BS. 
Oeocrooite, 13t. 
Gejwrite, 195. 
'^••■^'to, 178. 



BsUoylito, SSI. 
HoUoTsite, S&r. 
HaUoyie,SBT. 
Hnlolriohife, 330. 
Hnjdneu of mlDGiiilfl 



HanghtDuitc, SOS. 

Hanjne, 308. 
Uaydenite, 3O0. 



lleteroolina, asS. 
Heferomerito, 2M. 
HeteromorpluW, tU. 
Beterosltc, B38. 
Heulanitite, S9T. 
BpiaRraul BTitem, X. 
HoniEleiide,a34. 



HombleDdH, S31, ! 



Hnreaolite. 337. 



Hyaline qoulii, ISA. 

Hjalophine, 378. 
Hyaloaiilerite, is3, 
Byaloleklte , ate. 
Hya^a^e^Ul^B, 178. 
Hydnu^illite, tnniiiuM, 



Hydrocfirite, 2Ifi. 
Hydrochloric arid. 9. ffi. 
Hydrocuprit*, IBS. 
Bj4roo}»niw, 347. 
Hfilrodolomite, 217, 
Hydiogen, 81. 

pioneitlcs ^3. 

eiTaiuiDacrfl>rlHl,4 

HrdroBen, phoqiluKUtli 

Hydrogen, imlplinMHeWr. 
L HydromagiieHile. E17. 
Hydro - nickclmngoMft 

Hydiiiphane, 196. 
Hydiophite, 236, H2. 
HypMByrite, I4e. 
HypersUieiie, tt37. 
HypDnlerite. 378, 
Hyatatito, — 
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ophthalmite, 237. 
36,259. 
249, 34& 
te, 176. 
,262. 
ite 274. 
copper, 118. 
yrite, 165. 
}, 156. 
156. 
265. 

nine, 101. 
4, 102. 
lUeable, 94. 
steoiio, 96. 
Ahedral, 166. 
^dolotis, 16& 
icnlar, 174. 
aniferoTU, 176L 
laric, 96. 
!liromate <rf^ 16S. 
Iphaxaenide of, ISO. 
Iphate, 823. 
irth, bhie, 336. 
mce, 174. 
oa, 176. 

re, chrome, 168. 
sen, 837. 
ignetic, 165. 
lolitic, 181. 
ftthic, 211. 
yiites, 121. 
lite, 123. 
Mr,211. 
yoB, brown, 180. 
i, 174. 
pbism, 19. 
rphoTiB elements, 20. 
6,267. 
te, 175. 
imite, 79, 101. 
e,809. 



>BSITE, 199. 
de, oriental, 233. 
Ben, 238. 
dte,233. 
ke, 116. 
(mite, 141. 
1,183. 

ifonite, 242. 
nowite, 260. 
e,840. 
». 316. 
211. 



rile, 



KBABYT, 820. 

idJcToIbacthite, 314. 

^te,846. 

i»,lC7. 

,286. 

te, 213. 

aHe, 818. 

me, 248. 

Ti^lSi. 

hS19. 



Kermesite, 126 
Kieaerite, 347. 
Eilbrickenite, 134. 
Killinite, 267, 282. 
Klaprothine, 340. 
KobeUite, 138. 
Koksharowite, 234. 
Kollyrite, 289. 
Konigite, 827. 
Konitie, 209, 
Konpholite, 205. 
Krablite, 280. 
Kraurite, 337. 
KrisuTigite, 327. 
Kupferschatun, 344. 
Eyanite, 264. 



T ABRADORITB, 275. 
-'-' La^nite,333. 
Lanarkite, 325. 
Lancasterite, 164, 217. 
Lanthanite, 215. r • 
Lapis lazuli, 8(^. 
Larderellite, 333. 
Lasionite, 341. 
Lasnrite, 218. 
Latrobite, 274. 
Laumonite, 299. 
Laznlite, 840. 
Lead, 89. 

carbonate of, 205. 

red, 171, 314. 

red oxide o:^ 171. 

yellow oxide of^ 163. 

Biilphantimonitefl cf, 
134, 138, 141. 

snlpharsenide of^ 142. 
Lead, corneous, 219. 
LeadhiUite, 326. 
Lead ochre, 163. 
Lead ore, green, 344. 

white, 205. 
Lead spar, 205. 
Leather, mountain, 233. 
Leelite, 281. 
Leirochroite, 344. 
Lenzinite, 288. 
Leopardite, 282. 
Lepidocrocite, 179. 
Lepidolite, 269. 
Lepidomelane, 268. 
Lepolite, 274. 
Leuchtenbergite, 130. 
Leucite,271. 
Leucophane, 225. 
Lencopyrite, 106. 
Leucoxene, 316. 
Libethenite, 342. 
Liebenerite, 267. 
Liebigite, 216. 
Lievnte, 262. 
Light, 40. 

polarization of, 44. 

refractioa of, 42. 
Ligurite, 311. 
Limbilite« 223. 
Lime, oar Donate, 190, 



Lime, hard carbonate, 201. 

rhombic carbonate, 
102. 

fluate o^ 155. 

sulphate, 297. 
Limestone, 207. 

magnesian, 210. 
Limonite, 180. 

oolitic, 181. 
Limpid minerals, 45. 
Linarite, 326. 
Lind8a3rite, 27 i. 
Lionseite, 131. 
Liparite, 156. 
Liroconite, 344. 
Litharge, native, 163. 
Lithionite, 269. 
Lithology defined, 2. 
Lithomarge, 288. 
Loboite, 260. 
LSlingite, 106. 
Lozoclase, 280. 
Lminite, 842. 
Lydian stone, 193. 



IVr-A-CLE, 251. 
-"^ Macles, 33. 
Madnreite, 224. 
Magnesia, alaminate of, 
166. 

borate, 332. 

hydrate of, 164. 

sul]^hate, 822. 
Magnesia alba, 217. 
Mf^esite, 208. 
Magnetic pyrites, 130. 
Magnetite, 166. 
Malachite, 218. 

blue, 218, 246. 

emerald, 245. 
Malaoolite, green, 229. 
Malacone, 184. 
Maldonite, 86, 102. 
Mallardite, 348. 
Malthacite, 289. 
Mammillated fracture) 88. 
Mancinite, 222. 
Manganese, carbonate of, 

212. 
Man^nese, barjrtiferous 
oxide o^ 181. 

peroxide, 187. 

red oxide of, 170. 
Manganese, cupriferous, 77. 

red, 212. 

rose, 236. 
Manganese blende, 114. 
Manganese ore, grey, 179. 
Manganese spar, 212, 23f). 
Manganic oxide, hydrated, 
179. 



Uodnmitc. 119. 
Hahule, llfl. 
UolTbdenlti!, IM. 



Nitromiwnerfts, SSI. 
NontroiutB, sai. 
Noaena. SOS. 



UdititmbtDe, 3U 



llonomiitrjc sjitem, S9. 
Honrollte. SBi. 
Monlicellite, KU. 
MDnttDOrillnDite, SSB, 
MocuuboDfl, BBO. 
UoraiB on, ISO. 



fJACEITE, 469. 
-^' Hia^gite, 120. 



NecOlo ore, 137. 
NeedlB iron ore, 178, 
Ncedlo atone, ilOB. 
Noodle Eeolite, aoo. 

Kephelkie, 272. 



e Nickel, 01111111117, 119, 

a £[ilp1uiritimDmda 

fetilphniseiude of, 12 
white, lOT. 
1 Nickel bloom, 337. 



oTganlo nuid metlioil, 

cbeodail oomFosilion : 

dutecleat ill fortnuke 
for, le. 
Mioiam, 171. 
"imbiUte, 324. 
tplokel, 130. 



Nlokel-biamut 
Jfickeliae, ln6. 

JViSbMBB, 306. 



HitiB, 381. 

ou.\»o,BaO- 
NltrobtttiU, a« 
NiliiKoJoite. a; 



^-' Oclire, antjUKBir, 1 
bimmth. 1S7. 

. yeUow, iso. 

Odourii(iiunerab,13. 
Oerstedtite, IS*. 
Okeiut«, S3S. 
Oldhamlte, I47. 
OUgoclue, 376. 
OLigouatiar, £11. 
Olivenito, 343. 
Olivioa, MS. 
Orophaiite, sao. 

On^te. ISO, 
Onyr. lag- 
Op>^ 193. 



I 



^ 
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ipaTi 21C. 

tone, 282. 

ite,2d8. 

Lte,841. 

hair, 281. 

iiite,291. 

1,266. 

ite, 217. 

16,800. 

atage ocHnpoeition of 

ninerals, 16. 

find the, whm the 

(ormiila is known, 18. 

ise, 162. 

n, 277, 278. 

te,222. 

srite, 277. 

,282. 

kite, 816. 

te,281. 

e,283. 

lex, 278, 280. 

1,109. 

ite,800. 

aoolite,842. 

aoofdderite, 835. 

oohaloite, 343. 

kite, 222. 

Lte,268. 

Bite,298. 

Vite,269. 

dte, 816. 

mite, 219. 

latee, 317. 

loohaloite, 342. 

looerite, 846. 

ujretted hydrogen, 

lorite, 884. 

lonu, Bologna, 820. 

te,2d6. 

ite,261. 

ingite, 830. 

te,243. 

barmaoolite, 342. 

hyll, 241. 

Dine, 241. 

»«11. 

mtite, 264. 

),809. 

te.294. 

267. 

te,264. 

eaite, 210. 

one. 281. 
indite, 230. 
»,836. 
e,828. 
lite, 143. 
., 192. 
stone, 821. 
on, 100. 
«k, 100. 
lOffe, 100. 
nasam,t02 
te,l«S, 

9,200, 



Flmnboealcite, 206. 
FlamoBtte, 141. 
PoUanite, 187. 
Pollux,' 284. 
Polyadelphite, 258. 
Polybadtie, 140. 
Folyohromatio minerals,45. 
Polyorase, 312. 
Polyhalite, 325. 

de Vic, 825. 
Polymignite, 811. 
Polyya^te, 274. 
Poroelain earth, 286. 
Porpesite, 99. 

PotaMimn, chloride of, 153. 
Fotstone, 240. 
Praseolite, 266. 
Predazzite, 217. 
Prehnite, 295. 
Proidonite, 161. 
Proteeite, 229. 
Pronstite, 139. 
Pseudolibethenite, 843. 
Pseudosommite, 272. 
Pseudotriplite, 838. 
Pailomelane, 181. 
Pumice, 282. 
Purple copper ore, 147. 
Pushkinite, 264. 
Pyonite, 251. 
PyralloUte, 226. 
PyraxgiUite, 266. 
Pyrargyrite, 139. 
Pyrenseite, 258. 
Pyrgomme, 229. 
Pyrites, arsenical, 129. 

cobalt, 131. 

copper, 132. 

iron, 121. 

white iron, 128. 

magnetic, 130. 

spear, 128. 

tm, 134. 
Pyrochlore, 311. 
Pyrolusite, 187. 
Pyromorphite, 344. 
Pyrope, 856, 858. 
Pyrophyllite, 291. 
Pyrophysalite, 251* 
Pyrorthite, 264. • 
Pyrrhotin, 180. 



QUADRATIC system, 31. 
Quartz, hyaline, 188. 
Quartz, nectic, 195. 
rose, 189. 
smoky, 191. 
vitreous, 188. 
Qoicksilyer, horn, 157. 



T)AL8TOl!nTE,lL61. 
•'-•' BammelsbeTgltQ, VJl 
Bandanite, 195. 
Raphilite, 234, 



Batoflkite,165, 150. 
Bealgar, 124. 
Bed fead, 171, 314. 
Bedruthite, 115. 
Befraotion, 42. 

index o^ 42. 

double refraction, 43. 

YBlueof, in distjngnish- 
ing minerals, 43, 54. 
Bemolinite, 166. 
Beniform minerals, 88. 
Betinite,281. 
Betzite, 224. 
Bhodizite, 332. 
Bhodocrosite, 212. 
Bhodonite, 286. 
Bhoetizite, 254. 
Bhyacolite, 280. 
Bionite, 150. 
BipidoUte, 300. 801. 
Bock crystal, 188. 
Bock milk, 208. 
Bock salt, 151. 
Bock soap, 291. 
Bocks defined, 2. 
Boepperite, 246. 
Boxnanzowite, 257. 
Bosellan, 274. 
Bose quartz, 189. 
Bothoffite, 257. 
Bubellan, 270. 
Bubellite, 302. 
Bubicelle, 167. 
Bubinglimmer, 179. 
Buby, 173. 

Bavarian, 190. 
ButUe, 184. 



QAPPLOBITE, 108. 
i^ Sagenite, 184. 
SahUte, emerald green, 229. 

light green, 229. 
Sal-ammoniac, 163. 
Balses, 66. 
Salt, 151. 

digestive, 163. 
Saltpetre, 331. 
Saltpetre rot, 831. 
Sanidine, 280. 
Sapphire, 173. 

water, 265. 
Saroolite, 260, 299 
Sardonyx, 192. 
Sassolin, 198. 
Satinspar, 207. 
Saussurite, 276. 
Saynite, 148. 
Scapolite, 261. 
Scarbroite, 290. 
Scheelite^l2. 




BUaiU,I91,a 

Sideme, s" 

eicnoile, 
fiilioi, 193, 



Spcdflol 

iug their phynoal 
oonBtitatinn, 30—23. 
BpFHUiiac, SS7. 
BphnTDoalialtite, HI. 
Kihaioaldeiit*, 211, 
SpluurDlits, 23'J. 
- SphBlorite, 113, 
it Bphene, BIO. 

„ ""^y, 16S. 
a[riDtlien,SII. 



gredient, ! 



ontjiDoiiial BDlpUae of, 



T«cticite, 83B. 



hUck, ISO. 
iDliated, 120. 
graphlo, 13S. 

enuity of ■"^p"'-. 111 



Tetartlne, S?T, 378. 
TaCradyraite, M. 



BQlphautirnoDitM □ 

BulphBTBenllo ot, 13D. 
telfurlc, lOti. 

Silver gIoiice,biiHlE.lSJ. 

Usht red, isa. 
Sinter, BQJDeoDH, lOo. 
BiBBeraklte, 101. 

BlBtenMr, SD^. 
Snuilt&e, loe. 



Elephaaite, 136, II 

BtoraberBite. 131. 
Btibine, 120. 
StSbaite, 120. 



StroiiieyeTite, 111 
etramiute. SOi 
BtTontfanlte, 3rM. 



BulpliidcB, 111. 
Sulphoi, Iffl. 

rnby, IS*. 
SuIdTlhtoub acid. 
SmfovUliite, M4. 



So^jn, clilnrids of, ICI. 
BolSalazHe, ISO. 
BomervililU. 363. 
Stnaimte, E7i. 



Tilkendite, 110. 
Tin. ST.. 

TliiiaL, 83*.' 
TiDitooa, 132. 
Titaoile, 184, 310. 
Tilmiinnii diMe at 1^1- 
Tilanomorphte, 310. 
TomboziU, 129. 
TopnK, 173, 189, 280. 

TopoiDlna, ^. 
Torberitfl, 348. 
Tondistone, IS3. 

Tmniihiceat miDerDla, iS. 



INDEX. 



369 



ite, 200. 

rio systoni) 82. 

tone, 313. 

116,282. 

Iline, 888. 

),S88. 

ite,24i. 

1,147. 

214. 

te, 221. 

ates, 809. 

io ochre, 197. 

>i8,840. 

e,844. 



CANNITE, 129. 
tramarine, 805. 
,181. 
te,277. 
weight, 72. 
,230. 
9,846. 
6,846. 
per, 346. . 
m (K^dulated, 169. 
m mica, 846. 
aldte, 216. 
ircite, 860. 
thane, 292. 
thite,264. 
!14. 



vite, 258. 



SNCIANTTE, 280. 

ilentinite, 126, 197. 

ktes, 809. 

Dite, 814. 

,71. 

te, 281. 

te,841. 



Varvaoite, 187. 
Vaaqoelinite, 815. 
Vesuvian, 259. 
Victorite, 227. 
Villarsite, 223. 
Violan, 230. 
Vitriol, blue, 822. 

cobalt, 824. 

green, 823. 

red, 823. 

rose coloured, 824. 

white, 823. 
Viyianite, 836. 
Voglite, 216. 
Volborthite, 814. 
Voltaite, 829. 
Voltzite, 165. 
Voraulite, 840. 
VoBgite, 276. 
Vulpinite, 318. 



WAD, 181. 
Wagnerite, 339. 
Washingtonite, 176. 
Water, 71, 72. 

composition of, 11, 13. 

formula for, 12. 

as a mineralising 
agent, 73. 

oystalline, forms of, 74. 

vai)our, 71. 

steam, 72. 
Wavellite, 341. 
Websterite, 327. 
Wehrlite, 263. 
Weight, unit of, 72. 
Weissigite, 281. 
Weissite, 266. 
Wemerite, 261. 
Whitneyite, 104. 
WiUemite, 221. 



Wilsonite, 274. 
Wiluite, 260. 



Withamite, 965. 
Withurite, 203. 
Wittichite, 140. 
Wolchite, 136. 
Wolchonskoite, 292. 
Wol&chite, 149. 
Wolfram, 312. 
Wolframite, 197. 
Wolfsbeigite, 144. 
WoUastonite, 235. 
Wood, mountain, 233. 
Worihite, 265. 
Wulfenite, 813. 



XANTHITANE, 185. 
Xanthite, 260. 
Xanthorthite. 264. 
Xenolite, 255. 
Xenotime, 845. 



VANOLIT, 303. 
•*• Yenite, 262. 
Ytterbyte, 226. 
Yttrocerite, 158. 
YttrotantaUte, 811. 



7E0tITE, needle, 295. 
^ Zigueline, 161. 
Zinc, carbonate, 212. 
red oxide of, 162. 
Zinc bloom, 216. 
Zinc spar, 212. 
Zinkenite, 244. 
Zircon, 183. 
Zirconates, 800. 
Zoisite, 263. 
Zorgite, 110. 
Zurlite. 259. 
Zwiesilite, SSS. 
Zyroonite, 183. 
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OF CITIES AND TOWNS. By Williak Humbbr. A-M. InsL C.E., utd 
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Trigonometrical Survey iiig. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geographical and 
Topographical Maps and Plans, MUttary Reconnaissance, Levelling, &c,, with 
Useful Problems, FormuIaB, and Tables. By Lieut.-General Frome, R.E. 
Fourth Edition, Revised and partly Re*written by Captain Charles 
Warren, R.]@. With X9 Plates and 1x5 Woodcuts, royal 8vo, 16s. cloth. 

C0M^Mts.—Cha.p. I. General Outline of the I VII. Plotting', Pennin?-in, Copying, and En- 
System of carryin&f on a Trigonometrical Sur< eravine Typographical Hans. — Cliap. VIII. 
vey.— Chap. II. Measurements of a Base Line. \ Modelung.— IX. Military Reconnaissance, and 
— Chap. III. Triangulation. — Chap. IV. Interior ', Hints on Sketching Ground, Colonial Survey- 
FiUinff'inof a Survey, either entirely or partially iog.— Chap. XI. Geodesical Operations con- 
by Measuremettt>— Chap. V. I^vethng and . nected with a Trigonometrical Survey.— Chap. 
Contouring. — Chap. VI. Levelling by Baro- \ XII. Practical Astronomy.— Problems, Tables, 
meter and Thermometric Hypsometer.— Chap. { &c. 

" The simple fact that a fourth edition has been called for is the best testimony to its merits. 
No words of praise from us can strengthen the position so well and so steadily maintained by this 
work. Captain Warren has revised the entire work, and made such additions as were neceisary to 
bring every portion of the contents up to the present dB.te."— Broad Arrow, 

Oblique Bridges. 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
BRIDGES. With 13 large Plates. By the late George Watson Buck, 
M.I.C.E. Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.E. ; 
and with the addition of Description to Diagrams for Facilitating the Con- 
struction of Oblique Bridges, by W. H. Barlow, M.I.C.E. Royal 8vo, 12s, 
cloth. 

" The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise, and it 
would be impossible to consult a better. "—i:'«jf«««r. 

" Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divested the 
subject of many of the intricacies supposed to belong to it. As a guide to the engfaieer and archi- 
tect, on a confessedly difficult subject, Mr. Buck's work is unsurpassed."— jSms^^m^ News. 

BHdge Construction in Masonry ^ Timber and Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MA SONR Y, TIMBER, A ND IRON. Consistine of 46 Plates from 
the Contract Drawings or Admeasurement of select Works. By W. D. 
Haskoll, C.E. Second Edition, with the addition of 554 Estimates, and the 
Practice of Setting out Works. Illustrated with 6 pages of Diagtams. Imp. 
4to, £z 125. 6d. hair-morocco. 

" A work of the present nature by a man of Mr. HaskoU's experience must prove Invaluable. 
The tables of estimates will considerably enhance its value."— JUnjinecrifig; 

Earthwork. 

EARTHWORK TABLES. Showing the Contents in Cubic 
Yards of Embankments, Cuttings, &c., of Heights or Depths up to an average 
of 80 feet. By Joseph Broadbent, C.E., and Francis Campin, C.E. Crown 
8vo, 5s. cloth. 

" The way in which accuracy is attain rd. by a simple division of each cross section into three 
elements, two in which are constant and ouu variable, is ingenious,"— At/umeitm* 

Barlow's Strength of Materials, enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS; 
with Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Peter Barlow, F.R.S. A New Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments by Hodgkinson, Fairbairn, and Kirkaldv; and 
Formulae for Calculating Girders, &c. Arranged and Edited by W. Humber, 
A-M. Inst. C.E. Demy 8vo, 400 pp., with 19 large PlateB and numerous 
Woodcuts, 185. cloth. 

" Valuable alike to the student, tyro, and the experienced practitioner, it will always rank in 
future as it has hitherto done, as the standard treatise on that particular sub^ectt^'—Eng-ineer. 

" A book which no engineer of any kind can afford to be without." — Coltitfy Guardian. 

•* There is no greater authority than Barlow."— 5«i/r/«>ff News. 

• The book is undoubtedly worthy of the highest com'nveiXvd^>:\Q.Tv, imcA q1 «cv Vt:so«>\wsS>i2«.'S^a.s» 
in the library of every engineer."— Afi/itw^ Journal,. -w "v >v<d»pi« 

« ... Asa scientific work of the first class, \t Aeserv<»«.fox«wasX'^«:feW».'5B»^i^^^ 
of erery civil engineer and practiced mectumic."— £ng^IisH Mechanic, 
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Afiirre// Practice^ 

AID TO SURVEY PRACTICE, for Reference in Surveying, Levd- 
ling, SetttHg-out and in Route Surveys of Travellers by Land and Sea, With 
Taibles, Illustrations, and Records. By Lewis D'A. Jackson, A.M.I.C.E., 
Author of " Hydraulic Manual," " Modem Metrology,*' ike. Large crown 8vo, 
iu.6d. cloth. 

"Mr. Jackson has produced a vahiable vade-mecum for the surveyor. We can recommend 
this liUi'k as containing an admirable supplement to the teaching of the accomplished surreyor."— 
^tMeMtTMrn. 

"We cannot recommend to tlie student who knows something of the mathematical principles 
of the subject a better (.curse than to fortify his practice in the neld under a competent surveyor 
with a study of Mr. Jackvin's useful m»u\a\"—Buiiding J^'ews. 

" The ant bur brinirs to his work a fortunate union of theory and practical experience which, 
aidc<l by a clear and lucid style of writing, renders the book a very useful one." — Builder. 

IjevelUng. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OF 
LEVELLING. Showing its Application to purposes of Railway and Civil 
EnRineering, in the Construction of Roads; with Mr.TsLFORD's Rules for the 
Fame. By Frederick W. Simms, F.G.S., M. Inst. C.E. Seventh Edition, with 
the addition of Law's Practical Examples for Setting-out Railway Curves, and 
Trautwins's Field Practice of Laying-out Circular Curves, with 7 Pliles 
and numerous Woodcuts, 8vo, 85. 6d, cloth. %* Trautwine on Curves, 
separate, 55. 

•* The text-book on levelling in most of our engineering schools and colleges."— iEw^rwftfr. 

" The publishers have rendered n substantial service to the profession, especially to the younger 
members, by bringing out the present edition of Mr. Simms' useful yn>x\ii."— Engineering: 

Tunnelling. 

PRACTICAL TUNNELLING, Explaining in detail the Setting- 
out of the works, Shaft-sinkingand Heading-driving, Ranging the Lines and 
Levellinf^ underground, Sub-Excavating, Timbering, and the Construction 
of the Brickwork of Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Simms, F.G.S., 
M. Inst, C.E. Third Edition, Revised and Extended by D. Kin near Clark, 
M. Inst. C.E. Imp. 8vo, with 21 Folding Plates and numerous Wood Engrav- 
ings, 30s. cloth. 



"The estimation in which Mr. Simms' book on tunnelling has been held for over thirty 3'cars 

not be more truly exuressed than in the words of the late Professor Rankine : — ' The best 

source of information on tne subject of tunnels is Mr. F. W. Simms' work on Practical Tunnelling.' " 



—Architect. 

" It has been regarded from the first as a text-book of the subject Mr. Clark has 

added immensely to the value of the book." — Engineer. 

" The additional chapters by Mr. Clark, containing as they do numerous examples of modem 
practice, bring the book well up to date."— Engiueeritig. 

Statics, Graphic and Analytic, 

GRAPHIC AND ANALYTIC STATICS, in Theory and Compari- 
son : Their Practical Application to the Treatment of Stresses in Roofs, Solid 
Girders, Lattice, Bowstring and Suspension Bridges, Braced Iron Arches and 
Piers, and other Frameworks. To which is added a Chapter on Wind Pres- 
sures. Bjr R. Hudson Graham, C.E. With numerous Examples, many taken 
from existing Structures. 8vo, 16s. cloth. 

"Mr. Graham's book will find a place wherever graphic and analytic statics are used or studied. 
Engineer. 

" This exhaustive treatise is admirably adapted for the architect and engineer, and will tend 
to wean the profession from a tedious and laboured mode of calculation. To prove the accuracy of 
the graphical demonstrations, the author compares them with the analytic formulae given by Ran 
\i\n9."— Building Neivs. 

•• The work is excellent from a practical point of view, and has evidently been prepared with 
much care. The directions for working are ample, and are illustrated by an abundance of nell- 
sclected examples. It is an excellent text-book for the practical draughtsman."— .^/A4f»(«Mm. 

Strains f Fomiulce and JDiagramsfor Calculation of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
IN GIRDERS AND SIMILAR STRUCTURES, AND THEIR STRENGTH. 
Consisting of Formulas and Corresponding Diagrams, witli numerous details 
for Practical Application, &c. By William Humber, A-M. Inst. C.E., &c. 
Third Edition. Crown 8vo, nearYv 100 V</oodcuts and 3 Plates, 7s. 6d, cloth. 
" The formulae are neatly expressed, and the d\ag;rams ^o«>d."— AtKtnoeum. 
" We heartily commend this really Jtandy booV. to oux casvtvttx aaCiaxOL\A.^cX\«i^^sr&^— Bn^ 
/Af/i A/ecAauic. 
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Hydraulic Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULA 
for finding the Discharge cf Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New FormulaB, Tables and General Information on Kainfall, 
Catchment- Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, Civil Engineer, M.R LA. Third Edition, care- 
fully revised, with considerable Additions. Numerous Illustrations. Crown 
8vo, 14s. cloth. 

" Alike Taluable to students and engineers in practice ; its study will prevent the annoyance of 
avoidable failures, and assist them to select the readiest means of successfully carrying out any 
given work connected with hydraulic et^ineering."— Aft/itM^ youmaL 

" It is, of all English books on the subject, the one nearest to completion. . . . From the 
good arrangement of the matter, the clear explanations, and abundance of formulae, the carefully 
calculated tables, and, above all, the thorough acquaintance with both theory and construction, 
which is displayed from first to last, the book will be found to be an acquisition. —^rrAiV£c^. 

jRiver Engineering. 

RIVER BARS : The Causes of their Formation, and their Treatment 
by " Induced Tidal Scour. " With a Description of the Successful Reduction 
by this Method of the Bar at Dublin. By I. J. Mann, Assist. Eng. to the 
Dublin Port and Docks Board. Royal 8vo, js. 6d. cloth. 

' " We recommend all interested in harbour works— and, indeed, those concerned in the improve- 
ment of rivers generally— to read Mr. Mann's interesting work on the treatment of river bars.' — 
jflngineer. 

" The author's discussion on wave-action, currents, and scour is intelligent and interesting. . . 
a most valuable contribution to the history of this branch of engineering." — Ensineering and 
Minitig Journal. ^ 

Hydraulics. 

HYDRA ULIC MANUAL, Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field 
Operations. By Lowis D'A. Jackson. Fourth Edition, Rewritten and En- 
larged. Large crown 8vo, i6s. cloth. 

" The author has had a wide experience in hydraulic engineering, both in South America and 
in India, and has been a careful observer of the facts which have come under his notice, as well as 
a painstaking collector and critic of the results of the experiments of others ; and from the great 
mass of material at his command he has constructed a manual which may be accepted as a trust- 
worthy guide to this branch of the engineer's profession. We can heartily recommend this 
volume to all who desire to be acquainted with the latest development of this important subject." — 
Jiftgifteerifig. 

" The most useful feature of this work is its freedom from what is superannuated, and its 
thorough adoption of recent experiments ; the text is, in fact, in great part a short account of the 
great modem experiments."— ^va/K/r. 

Tramways and their Working* 

TRAMWAYS : THEIR CONSTRUCTION AND WORKING. 
Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis of the various Modes of Traction, including Horse-Power, Steam, 
Heated Water, and Compressed Air ; a Description of the Varieties of Rolling 
Stock: and ample Details of Cost and Working Expenses: the Progress 
recently made in Tramway Construction, &c. &c. By D. Kinnear Clark, 
M. Inst. C.E. With over 200 Wood Engravings, and 13 Folding Plates. Two 
Vols., large crown 8vo, 30s. cloth. 

" All interested in tramways must refer to it, as all railway engineers have turned to the author's 
work ' Railway Machinery.' "—Jtng-itufr. 

" An exhaustive and practical work on tramways, in which the history of this kind of locomo- 
tion, and a description and cost of the various modes of laying tramways, are to be found. '— 
Building News. 

" The best form of rails, the best mode of construction, and the best mechanical appliances 
are so *aiirly indicated in the work under review, that any engineer about to construct a tramway 
will be enabled at once to obtain the practical information which will be of most service to him."— 
j4t/teneeutn. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 
OBLIQUE ARCHES. By John Hart. Third Edition, with Plates. Im- 
perial 8vo, 8s. cloth. 

Strength of Girders. 

GRAPHIC TABLE FOR FACILITATING TH^ COIA^^^-X: K- 
TION OF THE WEIGHTS OF WROUGHT IKOt^ ^^^ ^^^ 
GIRDERS, &c. , for Parliamentary and ol\iw 'E.^NSma.Xft^, ^1 ^. ^. >w »^ 
Buck, Af, Inst. C.E. On ^ §heet, 2s;6<l. 
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2Vi6leit far Setting-out Curves. 

TABLES OP TANGENTIAL ANGLES AND MULTIPLES 
for SftttttK-cut Curvts from % to too Ritdius. By Alxxandbr Bbazklxt, 
M. InM. C.B. Third Kdition. Printed on 48 Cards, and sold in a cloth box« 
waistcoat-pocket sice, 3s. 6d. 

•• r*« h ta)>lr i« printe.1 m a touD card, which, beiair pUcad on Uie theodolite, knves the hands 
frtv tit m ini|iul.i<c tne instrument— no small advantage as regards the rapidity of work."— £iV<i«'<'' 

•* Vcrv bAu.ty ; a hmo majr know that aB his day's work must fiUl on two of these caidst iHudi 
he put\ itiiu hiv uvn card-cabc. and leaTes the rest behind. "—i^M^MriMM. 

Engineering FieUlwork^ 

THE PRACTICE OF ENGINEERING FIELDWORK. affUd 
to Land and Hydraulic, Hydrographic, and Subtmirine Surveying andLeoeUing. 
Second Kdition. Revised, with considerable Addittons^and a Supplement oa 
Watnwniks. Sewers, Sewage, and Irrigation. By W. t)AVis Haskoll, €.£• 
NuuMjrotiH I'ulding Plates. In One Volume, demy 8vo, £1 55. cloth. 

Larfie Tunnel Shaffs. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS: A 
Practical and Theoretical Essay. By J. H. Watson Buck, M. Inst C.E., 
Rtisidcnt Knginccr. London and North- Western Railway. Illustrated with 
FuldinK Plates, royal ttvo, 125. cloth. 

" Many of the mvthiMU ifivrn are of extreme practical ralue to the mason ; and the obserrations 
on tht* T'lrin of arch, the rules for orck>rint? the stone, and the construction of the templates wiB be 
liMtikl lif consiilcrablc uv. Wc commend the book to the engineering profession."— ^w^MiMf 

" Will lie regartUsl hjr civil engineers as of the utmost value, and calculated to save much time 
lid obviate iiuiiy mistakes."— cW/trry Gitardian, 

Field'Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON- 
TRACTOR *S FIELD-BOOK. Consisting of a Series of Tables, with Rules, 
Explanations of Systems, and use of Theodolite for Traverse Surveying and 
Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner ; setting-oat 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Ofi- 
sets : and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 
depth. Bv W. Davis Haskoll, C.E. With numerous Woodcuts. Fourth 
Edition, Enlarged. Crown 8vo, 12s, cloth. 

"The book is very handy, and the author mififht have added that the separate tables of sines 
and tangents to every minute will make it useful for many other purposes, the genuine traverse 
tallies exutting all the si.n\c."—'ytthftnrum. 

" livery person engaged in engineering field operations will estimate the importance of soch a 
work and the amuunt of valuable time which will be saved by reference to a set of reliable tables 
prepared with the accuracy and fulness of those given in this volume." — Raiiway News. 

Earthwork^ Measnretnent and Calculation of. 

A MANUAL ON EARTHWORK, Bv Alex. J. S. Graham, 
C.E. With numerous Diagrams. i8mo, as. 6d. cloth. 

"A great amount of practical information, very admirably arranged, and available for rou|^ 
estimates as well as for the more exact calculations required in the engineer's aiKl contractor's 
offices."— Wr/«a//. 

Strains, 

THE STRAINS ON STRUCTURES OF IRONWORK; with 
Practical Remarks on Iron Construction. By F. W. Sheilds, M. Inst. C.E. 
Second Edition, with 5 Plates. Royal Svo, 5s. cloth. 
" The student cannot find a better little book on this subject."— ^«^*«^?r. 

Strength of Cast Iron, etc. 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS. B7 Two^k^ 1v.iE.^^ci\Ai, ^.^^ ^^^l^ 
Edition, inc]iidingHoDGKiN§0H'sB;xv<^nm^TivaX¥.«afcaxOa.^v ■^s^.^i&.o^sia^ 
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MECHANICS & MECHANICAL ENGINEERING. 

Mechanic'8 Workshop Companion. 

THE OPERATIVE MECHANICS WORKSHOP COM- 
PAN JON, AND SCIENTIFIC GENTLEMAN'S PRACTICAL ASSIST- 
ANT, Comprising a great variety of the most useful Rules in Mechanical 
Science ; with numerous Tables of Practical Data and Calculated Results. 
By W. Templeton, Author of "The Engineer's Practical Assistant." Thir- 
teenth Edition. With Tables for Operative Smiths, Millwrights, Engineers, 
&c., and Useful and Practical Rules in Hydraulics and Hydrodynamics, a 
variety of Experimental Results, and an extensive Table of Powers and 
Roots. II Plates. i2mo, 55. bound. 

"Asa text-book of reference, in which mechanical and commercial demands are judiciously 
met, 'Templcton's Companion* stands unrivalled." — Mechanic's Magazine. 

"It has met with (;rcat success in the engineering' workshop, as we can testify ; and there are 
a great many men who, in a great measure, owe their rise in life to this little hook."— BuiMifg- 
News. 

Engineer's and Machinist's Assistant, 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT. Comprising a collection of Useful Tables, 
Rules and Data. Compiled and Arranged, with Original Matter, by William 
Templeton. Seventh Edition. Carefully revised, with Additions. i8mo, 
2S. 6d. cloth. lyi'st published. 

"With the utmost confidence we commend this book to the attention of our readers." — 
Mechanics Magazine. 

"A more suitable present to an apprentice to any of the mechanical trades could not possibly 
be xtaA'&."— Building News. 

Mechanics, 

THE HANDBOOK OF MECHANICS, By Dionysius Lardner, 
D.C.L., formerly Professor of Natural Philosophy and Astronomy in Uni- 
versity College, London. New Edition, Edited and considerably Enlarged 
by Benjamin Loewy, F.R.A.S., &c. 378 Illustrations, post Svo, 6s. cloth. 

"The explanations throughout are studiously popular, and care has been taken to show the 
application or the various branches of physics to the industrial arts, and to the practical business of 
life."— .i/iViiVtg' yournal. 

Turning, 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, 

and Processes employed in the A fji of ^-turning. By Paul N. Hasluck, 

Second Edition, thoroughly Revised^ with a New Chapter on the Screw. 

cutting Lathe. Crown Svo, 5s. cloth. 

" Written by a man who knows, not only how work ought to be done, but who also knows how 
to do it, and how to convey his knowledge to others. To aU turners this book would be valuable."— 
jMgineerifig. 

'We can safely recommend the work to young engineers. To the amateur it will simply be 
ii. valuable. To the student it will convey a great deal of useftil information."— is «^»«^^r. 

" A compact, succinct, and handy guide to lathe-work did not exist in our language until Mr. 
Hasluck, by the publication of this treatise, gave the turner a ttaevaeie-»tecMm."'-//ouse Decorator. 

Metal Turning* 

THE METAL TURNER'S HANDBOOK. By Paul N. 
Hasluck. With over zoo Cuts. Crown Svo, is. cloth. 

Iron and Steel. 

" IRON AND STEEL " ; A Work for the Forge, Foundry, Factory, 
and Office. Containing ready, useful, and trustworthy Information for Iron- 
masters and their Stock-takers ; Managers of Bar, Kail, Plate, and Sheet 
Rolling Mills: Iron and Metal Founders; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Contractors, 
Builders, and Professional Draughtsmen. By Charles Hoare, Author of 
•• The Slide Rule/' &c. Eighth Edition, Revised throughout and considerably 
Enlarged. With folding Scales of "Foreign Measures compared with the 
English Foot," and "Fixed Scales of Squares, Cubes, and Roots^ Aceaa.^ 
Decimal Equivalents, &c.'» Oblong 32mo, leathat, e\3a.%\Ivc\i«cA^^« 
For comprehensiveness the book has not Its eqjiaX."— trott, >«. *ms. 

One of the best of the pocket books, and a uselvi comvwCvQ^ Na Q>0c«x>at^'»sio«5« ^^ '^'=»^ ^ 
ron 9ad steel, "—Efijs^ii^h Mechanic, 
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a-.- 1 : - '■i.^iw l-.^mrt— Laan<khire. Cur- ' of Inm. Su4 Bkaa^ and Tafknis Mdik and 

f'K \"-i tL Krturn Tabe. aa«l PorUhie Maieriak. 

iri^'^ K>:«-r% — 0.muier»— ^Am-^lMrK Aisoc Tbe Indicatar and Indicator Diagnns 

J'.fi.M. y.;m >. i.tnlrrv <>an:v. Shaftinir. and —Various McsMicaada fw the Foundry and 

\l-.la ■ rk - 1 r- n I ounlry Work Ami Bra« Woric ' Workshop— Rales Cor the We^fat of Cxstiagi 

k ilr^ 41.1 Practical Data rvUtiiv to the —The New Pateat Lav and Costs of Patents- 

^'f-nj^th AT^l Weti^ht of McuK and Materiab . Ijtgal Memoranda I »t of French Words for 

Ir'.ri an<l IlraM Catfinff— Cattintf Metals— ' Eaifidi Eqeineeriw Terms — French aod 



U b<^l 4. uttirii;— Sere V Catting— Wheel Gear- Eivlish Wcwhts and Measares— And avtrictr 

ini; k"t« «,*-arin|f— Pul ky t Weight of Put- of Modem Practical InftMmatioa for Chflaad 
!•>• -Wright of Spur, bevel, and Mortice Mechanical Engineers. 

"Th^ i'4ume i\ an exceedfaigly useful one. brimful with engineers* notes, memoianda, and 
r .b^ aii>l weO worthy of Iving im every mechanical eqgineers bookshelf. . . . There is 
. il ;.iJ le inf'«rniatt'>n kb rr*^- ymc^." — MetMHual World. 

" Thr infiirniation is prrcitrly that fa'kely to lie required in practice. . . . The work forms 
a fk^rAltir 4fiiiiti<>n tn xhv. liUrar). not <inl) of the works manager, but of anyone connected viiti 
i:riterAl er^{lIKrrrin^»,'■— .l/iwi/r^' JourHal, 

"A frirniidable niaw of facts ami figures, readily accessible through an elaborate index 
.... Such a volume will tie fouml absohitely necessary as a book of reference in all sorts 
"f 'work«' ciinnecte<l with the metal trades. . . . Any ordinanr foreman or workman can find 
all he wanti in the crowded i>ages of this useful work." — Rjland's Iron Trades Circular, 

Engineei'^ing Construction* 

PATTERN-MAKING : A Practical Treatise, embracing the Main 
Types of EneiDeering Construction, and including Gearing, bow Hand and 
Klachine made, Engine Work, Sheaves and Pulleys, Pipes and Ccdumos, 
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in 
I.,oam and Greensand, &c.. together with the methods of Estimating the 
weight of Castings; to which is added an Appendix of Tables for Workshop 
Reference. Bv a Foreman Pattern Maker. With upwards of Three 
Hundred and Seventy Illustrations, Crown 8vo, ys. 6^. cloth. [Just published. 

Smithes Tables for Mechanics^ etc* 

TABLES, MEMORANDA. AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS etc. 
Selected and Arranged by Francis Smith. Third Edition, Revised and En- 
larged, 350 pp., waistcoat-pocket size, Z5. 6d. limp leather. [J^t published. 

" It would, perhaps, be as difficult to make a small pocket-book selection of notes and formolx 
to suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat. 
l>ocket collection may bo looked upon as a successful attempt."— if ;/^"w?r. 

"A veritable pocket treasury of knowledge."— /n?w. 

The High'Pressure Steam Enghie. 

THE HIGH-PRESSURE STEAM-ENGINE : An Exposition 

0/ its Comparative Merits and an Essay towards an Improved System of Construe- 

hon. By Dr. Ernst Alban. Translated from the German, with Notes, bv 

Dr. Polk, M. Inst. C.E., &c. 'W\iYiaft^\a.\e&. ^^o,\e&.6d, cloth. ^ 

*•(;«)•« (ftorouifhly into the e»mlt»t\otvof theWBYv-w«ssawi«»^T«^^'ft\»^«.;aK^ 

tW, and (fe«crves a ptacc In every scl«nt\fic Ub»Mv7— Steam SHt>#iitg CKronicU. ^'^^^'^■ 



STOSE-WORKJSG MACHISEM7. md a§ tb^U mi Etmrn- 
c^m: C-aaronM c/ Stemd. With Rats ob tbs AmaaBBBBC and MiU f U B'tf 
atf Steoc Works. Bv M. PMns Ralb. MXX.E., A.fiXC£. WUhmDeicas 
I lasfratiovw Lane crown Svtx 9s. dodi. 

Tw *.. ;. ..-.-m^* V L-: tke tantfa af mxf ■BSO" « stodeat of stoaB.««k.'-C«0iE9 
. * • *- 

Emffimeer*M Beferemee B ook. 

HiE WORKS' MANAGER'S HANDBOOK OF MODERU 
KILF.S. TABLES. AS D DA TA . For Eogineen» Ifmwrichts, and Boiler 
Makers; Tool Makers. Machinists, and Mefnl Worfcers: Iron and Brass 
I .onders. &c. By W. S Hcrroa. Cml and Mechanical Ennneer. SeoonA 
MirioB. caretelly re vi «cd. with Additions. In One handsome vohune, medinm 
t-.o, pri'* lu. *iror.«Iy boond. {Just pwblisktd. 

Contents : \ 

fr r. r.nm and Ruin f«M:>!ern Stationary ' Wbeeh— Waraiae aad Tentitatinr—WeiKiit | 
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Steam Boilers. 

A TREATISE ON STEAM BOILERS: Their Strength, Con- 
structioft, and Economical Working, By Robert Wilson, C.E., late In- 
spector, Manchester Steam Usars' Association. Fifth Edition. lamo, 6s. 
cloth. 

" The best treatise that has ever been published on steam boilers." — Ensitteer. 
" The author shows himself perfect master of his subject, and we heartily recommend all em* 
ploying steam power to possess themselves of the vrotk^—Jty/aftd's Iron Trade Circular, 

Soiler Making. 

THE BOILER-MAKER'S READY RECKONER, With Ex- 




" A reliable guide to the working boiler-maker."— /rw/. 



" Boiler-makers will readily recognise the value of this volume. . . . The tables are clearly 
punted, and so arranged that thev can be referred to with the greatest facility, so that it canaot be 
doubted that they wiU be generally appreciated and much mscS."— Mining youmal. 

Stealth Engine, 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 

GooDEVE, M.A., Barrister-at-Law, Author of "The Elements of Mechanism," 

&c. Sixth Edition. With numerous Illustrations. Crown 8vo, 65. cloth. 

"Professor Goodeve has given us a treatise on the steam engine which will bear comparison 
with anything written by Huxley or Maxwell, and we cdn award it no higher pra^\se."—£n£in€tr. 

Steam. 

THE SAFE USE OF STEAM. Containing Rules for Un- 
professional Steam-users. By an Engineer. Fifth Edition. Sewed, 6d. 

" If steam-users would but learn this little book by heart, boiler explosions would become sen- 
iuttlons by their nrity. "—L'ng-lisJt Mechanic. 

Coal and Speed Tables, 

A POCKET BOOK OF COAL AND SPEED TABLES, for 
Engineers and Steam-users. By Nelson Foley, Author of " Boiler Con- 
struction." Pocket'size, 3s. 6d. cloth ; 4s. leather. 

Contents : 



Table i. Decimals of Tons in cwts., qrs., 
lbs. — Table a. Consumption per Day per I.H.P. 
— Table 3. Consumption per Hour per I.H.P. 
— Table 4. Consumption per Day per sq. ft. 
grate.— Table <• Consumption per Hour per 
sq. ft. grate.— Table 6. Stowage of Coal and 
Composition.— Table 7. Knots per Hour (Mea- 
sured Mile).— Table 8. Knots per Hour (Cloch 



and Cumbrae).— Table 9- Decimal Equivalents 
of Time. — Table 10. Knots per Hour in ft. per 
min.— Table 11. Constants for I.H.P.— Table 
Z2. Decimals of Cwts. in lbs. — Table 23. Mea< 
sures of Weight ; also Miscellaneous Results 
—Combustion, Air required, Stoking, Ac- 
Time and Speed Examples. 



Fire Engineering, 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Management : Re- 
marks on Fire-Proof Buildings, and the Preservation of Life from JFire ; 
Statistics of the Fire Appliances in English Towns ; Foreign Fire Systems ; 
Hints on Fire Brigades, &c. &c. By Charles F. T. Young, C.E. With 
numerous Illustrations, 544 pp., demy ovo, £1 4s. cloth. 
" To such of our readers as are interested in the subject of fires and fire apparatus, we can most 

heartily commend this book. It is really the only English work we now have upon the subject."— 

Jzn^ineering: 

" It displays much evidence of careful research ; and Mr. Young has put his facts neatly 
together. It is evident enough that his acquaintance with the practical details of the construction of 
steam fire engines, old and new, and the conditions with which it is necessary they should comply, 
is accurate and fuU." — Engituer, 

Gas Ldghting* 

COMMON SENSE FOR GAS-USERS: A Catechism of Gas- 
Lighting for Householders, Gasfitters, Milloxvners, A rchitects, Engineers, etc. 
By Robert Wilson, C.E., Author of "A Treatise on Steam Boilers." 
Second Edition. Crown 8vo, sewed, with Folding PV^Xss^ ^^v^^.^^^qki^'^.v^- 
gravings, m. 6d. 

. .;'A^,«a5-"serswj« decidedly benefit, both In pocket wCi coTnXot\^M^^^^^^"^'*^^'^'==^^^^^^ 
of Mr. Wilson's counsel."— Engineering. ^ 
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THE POPULAR WORKS OF MICHAEL REYNOLDS. 

{Knovn as "The Ergins Drtvsr's Friend **)• 

lAH^omotire^Engine Ihriving. 

LOCOMOTIVE'ESGIWE DRIVING : A Practical Manual for 
Engineers tr charge of Locomotive Engines. B]r Micrael Reynolds, Member 
of the Society of Engineers, formerly Locomotive Inspector L. B.and S.CR. 
Sixth Edition. Including a Key to the Locomotive Engikk. With Ulus- 
trations and Portrait of Author. Crown 8vo, 4^. 6d. doth. 
"Mr. Keynokls ha& supplied a want, and has supplied it welL We can confideatly recoBiineDd 

thr book, not (mly to the {>ractical driver, bat to ereryone who takes an interest in the perforraance 

o# kicomuttve rnifioes."— 7** f w^ UHvr. 

*' Mr. Kcynohls has opened a new chapter in the literature of the day. Of the practical utility 

t>f Mr. Kryoi>hls's book we have to speak in terms <Mf warm commendation." — Aihetututn. 

"l:viilv.itly the work of one who knows his subject thorouffhly."— .^ai/nnqy Service Gaaette. 
" Were the cautions and rules vpven in the book to become part of the every-day workin{^ of 

our enifincnlriverk, we uii|fht have fewer dbtressin); accidents to deptore."— Scaf^ma/r. 

The Engineer, Fire^nan^ afid Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 
RSGISE-BOY. Comprising a Historical Notice of the Pioneer Locomotive 
Engines and their Inventors, with a project for the establishment of Certifi- 
cates of Qualification in the Running Service of Railways. By Michael 
Revmolds, Author of " Locomotive-Engine Driving." With numerous Illus- 
trations and a fine Portrait of George Stephenson. Crown 8vo, 4s. 6d, cloth. 

" From the technical knowkKlire of the author it will appeal to the railway man of to<lay more 
fi>rcit>l}' than anything written by Dr. Smiles. . . . The volume contains mformation of a tech- 
nical kmd. and ucts that every driver should be &mQiar with."— i^i^/irA Mechanic. 

" We shoukl be iflad to see this book in the possession of everyone in the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine."— /roM. 

•• Replete with information and graphic detail for the railway laxa."'— Railway Set-tnce Gasttti. 

Htationarg Engine I>Hving. 

STATIONARY ENGINE DRIVING : A Practical Manual for 
Engineers in charge of Stationary Engines. By Michael Reynolds. Second 
Edition, Enlarged. With Plates and Woodcuts. Crown 8vo, 4s. 6d. cloth. 

" The author is thoroughly acquainted with his subjects, and his advice on the v^ous points 
troatetl Ls dear and practical. . . . He has produced a manual which is an exceedingly useful 
one for the class for whom it is specially inteud€^d." — Engitteering: 

"Our author leaves no stone unturned. He is determined that his readers shaH not only know 
something about the stationary engine, but all about it." — Engineer. 

" An engineman who has mastered the contents of Mr. Reynolds's book will require but little 
actual experience with boilers and engines before he can be trusted to look after 1iieia."—£HgiisA 
Mechanic. 

" The book should be possessed by every intelligent and ambitious engineman." — Bniider. 

Continuous Eailtvay Brakes, 

CONTINUOUS RAILWAY BRAKES : A Practical TreaUse on 
the several Systems in Use in the United Kingdom ; their Construction and 
Performance. With copious Illustrations and numerous Tables. By Michael 
Reynolds. Large crown 8vo, 9s. cloth. 

" A popular explanation of the different brakes. It will be of great assistance in forming public 
opinion, and will be studied with benefit by those who take an interest in the brake. ... It is 
a dear exposition of the brake question as it relates to the rival systems."— ^M^AifA Mechanic. 

" Written with sufllcient technical detaU to enable the prindple and relative connection of the 
various parts of each particular brake to be readily grasped." — Mechanical World. 

" May be recommended to all who desire to study the subject of continuous brakes."— /rw;. 

Engine-JDriving lAfe. 

ENGINE-DRIVING LIFE; or, Stirring Adventures and Inci- 
dents in the Lives of Locomotive-Engine Drivers, By Michael Reynolds. 
Eighth Thousand. Crown 8vo, 2s. cloth. 

" The book from first to last is perfectly fascinating. Wilkie Collins' most thrilling conceptions 
arc thrown into the shade by true mcidcnts, endless in their variety, related in every page." — yorth 
/frifisA Mail. 

"Anyone who wishes to get a real lns\ght \tvto taWvracv ^'^^^ camciot do better than read • Engine- 

DnvinfT Life ' for himself; and if he once takes \t up Yv<s wVVV f«vei ^;vxvYv^%v).<OcvQt'%«nl%Misiasm and 

real lore of the engine-driving profession mVL cati^ Ivvm otvVO\\i«\asxsa.^«s«:^ V««^r— Saturday 
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ARCHITECTURE, BUILDING, etc. 

Construction. 

THE SCIENCE OF BUILDING : An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A., Architect. 
Second Edition, Revised, with 58 £ngravings. Crown 8vo, 7$. 6d. cloth. 
" A Tery valuable book, which we strongly recommend to all students."— ^Mt^^r. 

" No architectural student should be without this handbook of constructional knowledge."— 
j4rchiUct. 

Villa Architecture. 

A HANDY BOOK OF VILLA ARCHITECTURE: Being a 
Series of Designs for Villa Residences in various Styles. With Outline 
Specifications and Estimates. Bv C. Wickes, Architect, Author of "The 
Spires and Towers of England," ac. 30 Plates, 4to, half-morocco, £1 is. 

*.^* Also an Enlarged Edition of the above. 61 Plates, with Outline Speci- 
fications, Estimates, &c. £2 2s. haU-morocco. 

" The whole of the designs bear evidence of their being the work of an artistic architect, and 
they will prove very valuable and suggestive."— ^mi/i/(m^ News. 

Useftil Text-Book for Architects, 

THE ARCHITECTS GUIDE: Being a Text-Book of Useful 
Information for Architects^ Engineers^ Surveyors^ Contractors^ Clerks of 
works, &c. &c. By Frederick Rogers, Architect, Author of •' Specifica- 
tions for Practical Architecture," &c. Second Edition, Revised and Enlarged. 
With numerous Illustrations. Crown 8vo, 6s. cloth. 

" As a text-book of useftil information for architects engineers, surveyors, &c., it would be 
hard to find a handier or more complete little volume." — Standard. 

" A young architect could hardly have a better guide-book." — Timber Trades yournal. 

Taylor and Cresy^s Monte, 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.R.I. B.A., and Edward Cresy, Esq. New 
Edition, thoroughly revised by the Rev. Alexander Taylor, M.A. (son of 
the late G. L. Taylor, Esq.), Fellow of Queen's College, Oxford, and Chap- 
lain of Gray's Inn. Large folio, with 130 Plates, half-bound, £3 3s. 

N.B.— This is the only book which gives on a large scale, and with the pre- 
cision of architectural measurement, the principal Monuments of Ancient Rome 
in plan, elevation, and detail. 

"Taylor and Cresy 's work has from its first publication been ranked among those professional 
Imoks which cannot be bettered. ... It would be difficult to find examples of drawings, even 
nmoiq^ those of the most painstakii^ students of Godiic, more thoroughly worked out than are the 
one hundred and thirty plates in this volume." — Architect. 

Drawing for Builders and Students in Architecture, 

PRACTICAL RULES ON DRAWING, for the Operative 
Builder and Young Student in Architecture. By George Pyne. With 14 
Plates, 4to, ys. 6d. boards. 

Specifications for Practical Architecture* 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Survejror, and Builder; with an Essay 
on the Structure and Science of Modern Buildings. By Frederick Rogers, 
Architect. With numerous Illustrations, demy Svo, 15s. cloth. 

•.'A volume of specifications of a practical character being greatly required, and the old 
standard work of Alfred Bartholomew bemg out of print, the author, on the oasis of that work, 
has protluced the above.— Bxtract/^om Preface. 

Ttie House-Owner^ s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or, What will it Cost 
to Build, Alter, or Repair? A Price Book adapted to the Use of Unpro- 
fessional People, as well as for the Architectural Surveyor and Builder. By 
the late James D. Simon, A.R.I.B.A. Edited and Revised by Frahcis T. W. 
Miller, A.R.I.B.A. With numerous Illustrations. Third Edvtv;vGL^^^nv^i%.^« 
Crown 8vo, 3s. 6d. cloth. 

*' In two years it will repay its cost a hundred l\w\c* o\ct " — Ficid, 
"A very handy hook."— J: fi^lish Mechanic^ 
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CM! ArrhitectHre. 

THE DECORATIVE PART OF CIVIL ARCHTTECTURE. j 
By Sir William Chambbks. F.R.S. With Illnstnitions, Notes, and n ' 
Eiamtnation of Grecian Architecture, by Josbph Gwilt, F.S.A. Edited by 
W. II. Lbkds. 66 Plates, 4to, 21s. cloth. 

Denigning^ Measuring^ and Valu4f^» 

THE STUDENTS GUIDE to thi PRACTICE of MEASVR- 
IS'GASD VALUISG ARTIFICERS' WORKS, Containing Directionsfor 
taking Dimenttonft, Abstracting the same, and bringing the Quantities into 
Hill, with Tables of Constants, and copious Memoranda for the Valuatioa of 
labour and Materials in the respective Trades of Bricklayer and Sls^* 
Carpenter and Joiner, Painter and Glazier, Paperhanger, &c. With 8 Plates 
and 63 Woodcuts. Originally edited bv Edward Dobson, Architect. Fifth 
Edition, Revised, with consioierable Additions on Mensuration and Canstrnc- 
tion. and a New Chapter on Dilapidations, Repairs, and Contracts, by E. 
Wyndham Tarn, M.A. Crown 8vo, 95. 

" Wrll fulfils lh« pmiiiise of it^ title-pajre. and we can thoroughly reconmend it to the des 
fm wtMrtr me it has been compiled. Mr. Tarn's additiotts and revisions have much increased die 
UM-fulnrw uf llie work, ami have especially augmented its value to students." — En^ueri$tg. 

" Thr wiirk has l»een carvfully revised and edited by Mr. E. Wyndham Tarn, M. A., and coiih 
friM-v M-vcral \Alu.'iliir additions on construction, mensuration, dilapidations and repaizs, and other 
iiMitiTs. . . . This edition will be found the most complete treatise on the prinuptes of measur* 
rii; ami valuing artific(>rk' work that has yet been pubhshed."— ^Mi/tfr>r^ AVwx. 

" Might lie read and studie<l with advantage In* almost everyone having any connection irith 
liuilding u|>erations Ironi the architect downwards. — Building tVorld. 

Pocket Enthnator. 

THE POCKET ESTIMATOR for the BUILDING TRADES. 
Being an Easy Method of Estimating the various parts of a Building collec- 
tively, more especially applied to Carpenters* and Joiners' work. By A. C 
Beaton, Author of "Quantities and Measurements." Third Edition, care- 
fully revised, 33 Woodcuts, leather, waistcoat-pocket size, is. 6d. 

"Contains a good deal of information not easily to be obtained from the ordinary price books. 
Tlio prices given are accurate, and up to date." — Buiiding News. 

"This book is as complete as it is possible to make it."— BuHdin/r and Engineering' Times. 

Builder's and Surveyor's JPocket Technical Guide, 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS. Containing a Complete Explana- 
tion of the Terms used in Building Construction, Memoranda for Reference, 
Technical Directions for Measuring Work in all the Building Trades, with a 
Treatise on the Measurement of Timber, Complete Specifications, &c., &c. 
By A. C. Beaton. Second Edition, with 19 Woodcuts, leather, waistcoat- 
pocket size, 15. 6d. 
"An exceedingly handy pocket companion, thoroughly reliable."— J7wt^«r'j JVeeily Reporter. 

" This neat little compendium contains all that is requisite in carrying out contracts for ex- 
ravating, tiling, bricklaying, paving, &c." — British Trade y<ntrtial. 

Handbook of Specificatiofis, 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing up 
Specifications and Contracts for Works and Constructions. Illustrated by 
Precedents of Buildings actually executed by eminent Architects and En- 
gineers. Bv Professor T. L. Donaldson, P.R.I.B.A., &c. New Edition, in 
One large Vol., Svo, with upwards of 1,000 pages of Text, and 33 Plates, 
£1 115. 64. cloth. 

"In this work forty-four specifications of executed works are given, including the specifica- 
tions for parts of the new Houses of Parliament, by Sir Charles Barry, and for the new Ko\-al 
Hxchange, by Mr. Tite, M.P. The latter, in particular, is a very complete and remarkable 
document. It embodies, to a great extent, as Mr. Donaldson mentions, "the bill of quantities 
with the description of the works.' ... It is valuable as a record, and more valuable still as a 
book of precedents. . . . Suffice it to say that Donaldson's ' Handbook of Specifications ' 
nmst be bought by all architects."— i?«/fVU'^r. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS: Their Draught-power 
and Stability ; with a Chapter on l.\%YiUvmf5.-C.oxi^XLcAQ.x^. By Robert Wil- 
SON, C.E., Author of "Treatise on Steam lEioWet^:* Oc.^N?i,'j,-i.^,,i\Qx3c,, 
"A most valuable book of its kind, CuU of usefu\\utotma\iotv."-^.ocal GwerKwtnt CHroni.u, 



DECORATIVE ARTS, etc, 13 

DECO RATIVE ART S, etc 

Woods and Marbles (Imitation of)* 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 
AND MARBLES, as Taught and Practised by A. R. Van der Burg and P. 
Van der Burg, Directors of the Rotterdam Painting Institution. Royal folio, 
i8i by 12^ ia., Illustrated with 24 full-size Coloured Plates ; also 12 plain Plates, 
comprising 154 Figures, price £2 12s. 6d. 

List of Contents 

Introductory Chapter — Tools required for Methods of Working— Yellow Sienna Marble 
Wood Painting — Observations on the different Process of Working— Juniper : Characteristics 
species of Wood: Walnut — Observations on , of the Natural W<x>d: Method of Imitation — 
Marble in general— Tools required for Marble * Vert de Mer Marble: Description of the Mar- 
Painting — St. Remi Marble : Preparation of the . ble : Process of Working — Oak : Description of 
Paints : Process of Working— wood Graining : the varieties of Oak : Manipulation of Oak- 
Preparation of Stiff and Flat Brushes : Sketcn- . painting : Tools employed : Method of Work- 
ing different Grains and Knots: Glazing of ing— \^ulsort Marble: Varieties of the Marble : 
wood — Ash: Painting of Ash — Breche (Bre' - > Process of Working— The Painting of Iron with 
cia) Marble : Breche Violette : Process of Work- , Red Lead : How to make Putty : Out-door 
ing — Maple : Process of Working — The different , Work : Varnishing : Priming and Varnishing 
species of White Marble : Methods of Working : ' Woods and Marbles : Painting In General : Ceil- 
Painting White Marble with Lac-dye : Painting ings and Walls : Gilding : Transparencies, Flags, 
"White Marble with Poppy-paint — Mahogany : : &c. 

List of Plates. 

I. Various Tools required for Wood Painting 
— 2> 3' Walnut : Preliminary Sts^rcs of Graining 
and Finished Specimen — 4. Tools used for 
Nf arble Painting and Method of Manipulation — 
S, 6. St. Remi Marble: Earlier Operations and 
>i - - - - — - .. 



Finished Specimen— lo. Mahogany: S]3ccimens 
of various Crainsand Methods of Manipulation 
— 30k si> Mahogany: Earlier Stages and Finished 
Specimen — aa, 33, 34. Sienna Marble : Varieties 
or Grain, Prehminary Stages and Finished 
Specimen — 25, 36, 27. Juniper Wood : Methods 
Of producing Graii^ &c. : Preliminary Stages 
and Finished Specimen— aS, 39^ 30. Vert de 
Mer Marble : Varieties of Grain and Methods 
of Working Unfinished and Finished Speci* 



mens— 31, 32, 33. Oak: Varieties of Grain, Tools 
Employed, and Methods of Manipulation, Pre- 
liminary Stages and Finished Specimen — 34, 35, 
S6. Waulsort Marble: Varieties of Grain, Un- 
nished and Finished Specimens. 



•inished Specimen— 7. Methods of Sketching 
different Grains, Knots, Ac— 8, 9. Ash: Pre- 
liminary Stages and Finished Specimen — 10. 
Methoos of Sketching Marble Grains— xi, xa. 
Breche Marble : Preliminary Stages of Working 
and Finished Specimen— 13. NIaple : Methocis 
of Producing the different Grains — 14, 15. Bird's- 
eye Maple: Preliminary St^%s and Finished 
Sfpecimen — 16. Methods of Sketching the dif- 
ferent Species of White Marble — 17, 18. White 
Marble: Preliminary Stages of Process and 

" A comprehensive guide to the art. The explanations of the processes, the manipulation and 
management of the colours, and the beautifully executed plates will not be the least valuable to the 
student who aims at making his work a faithful transcript of nature." — Building News. 

"Students and novices are fortunate who are able to become the possessors oi so noble a 
work"— Architect. 

Colour. 

A GRAMMAR OF COLOURING. Applied to Decorative 
Painting and the Arts. By George Field. New Edition, adapted to the use 
of the Ornamental Painter and Designer. By Ellis A. Davidson. With New 
Coloured Diagrams and Engravings. i2mo, 3s. 6d. cloth boards. 
"The book is a most useful resume of the properties of pigments."— Buildtr. 

Glass Painting, 

GLASS STAINING AND THE ART OF PAINTING ON 
GLASS. From the German of Dr. Gessert and Emanuel Otto Fromberg. 
With an Appendix on The Art op Enamelling. i2mo, 25. 6d. cloth limp 

Decoration, 

ELEMENTARY DECORATION, A Guide to the Simpler 
Forms of Everyday Art, as applied to the Interior and Exterior Decoration of 
Dwelling Houses, &c. By James W. Facey, Jun. With 68 Cuts. i2mo, as. 
cloth limp. 
" As a technical guide-book to the decorative painter it will be found reliable."— ifwiVrfiw^A'irTw. 

House JPaintinfff etc, 

HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
WRITING, A Practical Manual of. By Ellis A. Davidson. Fourth Edition. 
With Coloured Plates and Wood Engravings. lamo, 6s. cloth boards. 

"A mass of information, of use to the amateur and of value lo \,Vifc '^Y^.Oojuik. xjoaswr— ^ntV*.^"'"' 

Mechanic. 

"Simply invaluable to the youngster entering upotv W\\a vw^<i"«^ax «SKSK5t»'a»"^'^'«'«'fi^^***'"**'' 
able to the man who is practisinsr it. — F«r;iimr« Ga«ettc% 
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DELAMOTTE'S WORKS on ILLUMINATION & ALPHABETS. 



A PRIMER OF THE ART OF ILLUMINATION, for th$ Use of 
Beginnm : with a Radimentary Treatise on the Axt, Practical Directions for 
its exercise, and numerons Examples taken from Illuminated MSS., printed in 
Gold and Colours. By F. Dblamottb. Small 4to, 9s. elegantly bound, cloth 
antique. 
" . . . . The examples of ancient MSS. recommended to the student, which, with much 

ffond hcn^ the author chouses from coOectioos accesMtile to all, are selected with Judgment and 

kiiuwiedifr, as well a& taste."— w4/A<yi«wm. 

ORNAMENTAL ALPHABETS. Ancient and Mediavah from the 
Eighth Century, with Numtrals ; including Gothic, Chnrch-Tezt, large and 
small, German, Italian, Arabesque, Initials for Illumination, Monc^rams, 
Crosses, &c., &c., for the use of Architectural and Engineering Drau^tsmeo, 
Missal Painters, Masons, Decorative Painters, Litnogra];^er$, En|p:ayers, 
Carvers, &c., &c. Collected and Engraved by F. Dblamottb, aod pnnted in 
Colours. New and Cheaper Edition. Royal 8vo, oblong, 2s. 6d, ornamental 
boards, 

" For those who insert enamelled sentences round gilded chaUces, who blazon shop legends over 
shnji^ndoors who letter church walls with pithy sentences from the Decalogue, this book will be use- 
ful. — AthtnteutH. 

EXAMPLES OF MODERN ALPHABETS. Plain and Ornamental; 
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, En^osslng, 'niscan, Riband, Gothic, Rustic, and Arabesque; 
with several Origmal Designs, and an Analysis of the Roman and Old En^sh 
Alphabets, large and small, and Numerals, for theHise of Draughtsmen, Sur- 
veyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c. 
Collected and Engraved by F. Delamottb, and prints in Colours. New 
and Cheaiper Edition. Royal 8vo, oblong, 2S. 6d. ornamental boards. 

" There Is comprised in It every possible shape into which the letters df the alphabet and 
nunaerals can be formed, and the talent which has been expended in the conception of the rarioos 
plain and ornamental letters is \ronderful."— 5/<z/i</ar«^. 

"This volume has borne the test of practical use, and is invariably ^oken well of by those who 
I)Oi»sc'ss it." — yewelUr and Metal-worker. 

MEDimVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NA TORS. By F. Delamotte, Illuminator, Desi^er, and Engraver on Wood. 
Containing 21 Plates and Illuminated Title, printed in Gold and Colours. 
With an Introduction by J. Willis Brooks. Small 4to, 6$. cloth gilt. 

" A volume in which the letters of the alphabet come forth glorified in gilding and all the coloars 
uf the prism interwoven and intertwined ana intermingled."— 5m». 

THE EMBROIDERER'S BOOK OF DESIGN. Containing 
Initials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical 
Devices, Mediaeval and Modern Alphabets, and National Emblems. Col- 
lected by F. Delamotte, and printed in Colours. Oblong royal 8vo, 1$. 6d., 
ornamental wrapper. 

" The designs are practical — ^not designs that cannot be done in embroidery ; and the book will 
nu doubt be found exceedingly useful in the lady's work-room and in schools." — NeivcasiU Courant. 

" The book will be of great assistance to ladies and young children who are endowed with the 
art of plying the needle in this most ornamental and useful pretty work." — East AnffiiaH Times. 



Wood Carving. 

INSTRUCTIONS IN WOOD-CARVING, for Aniatiurs : with 
Hints on Design. By A Lady. With Ten large Plates, 2s. 6d» in emblematic 
wrapper. 

"The handicraft of the wood-carver, so well as a book can impart it, may be learnt from * A 
Lady's * publication." — Athenauin. 

" The directions given are plain and easily understood."— /:>/^/wA Mechanic. 

liCttiGv JPiX/ifi/t'ittfi 

THE ART OF LETTER PAINTING MADE EASY, By 
Jaues Grbig Badenoch. "WilYv iziu\\-pa.%e"E.Tii,t«^lti«,s of Examines, 1$. cloth 
iimP' , ^ 

"Th. system is a simple one. but ^f t°^;?^A^^JBtiW?;^N^«'^ ^>'«««i«^*>^>«« 
painters. It can be easily mastered and rcrosmbeted. ^BuiMXv^ xncw _ 



CARPEHTRV, timber, etc, ij 

CARPENTRY, TIMBER , etc. 

Tredgold^s Carpenti'^, EtUargetl bf/ E, W. Tarn, 

THE ELEMENTARY PRINCIPLES OF CARPENTRY. 
A Treatise on the Pressure and Equilibrium of Timber Framing, the Resist- 
ance of Timber, and the Construction of Floors, Arches, Briages, Roofs, 
Unitine Iron and Stone with Timber, &c. To which is added an Essay 
on the Nature and Properties of Timber, &c., with Descriptions of the kinds 
of Wood used in Building ; also numerous Tables of the Scantlings of Tim- 
ber for different purposes, the Specific Gravities of Materials, &c. By Thomas 
Tredgold, C.E. With an Appendix of Specimens of Various Roots of Iron 
and Stone, Illustrated. Sixth Edition, thoroughly revised and considerably 
enlarged by E. Wyndham Tarn, M.A., Author of "The Science of Build- 
ing," &c. With 6i Plates, Portrait of the Author, and several Woodcuts. In 
one large vol., 4to, price £i 5s. cloth. LJ^st published, 

"Ought to be in every architect's and every builder's library." — Builder. 

"Tredgold's 'Elementary Principles of Carpentry' is, without doubt, the standard English 
authority upon the subject. Mr. Tarn, by supplementing the text of the author, adds much to the 
work, and makes it an mdispen&ablc addition to the library of the student, the architect, and th« 
engineer." — BuUdtug News. 

Woodworking Machinery. 

WOODWORKING MACHINERY : Its Rise, Progress, and Con- 
struction. With Hints on the Management of Saw ftlills and the Economical 
Conversion of Timber. Illustrated with Examples of Recent Designs by 
leading English, French, and American Engineers. By M. Powis Balk, 
A.M. Inst. C.E., M.I.M.E. Large crown 8vo, 125. 6d. cloth. 

" Mr. Bale is evidently an expert on the subject, and he has collected so much information that 
his book is all-sufficient for builders and others engaged in the conversion of timber."— ^rrA^<r/. 

"The most comprehensive compendium of wood>working machinery we have seen. The 
author is a thorough master of his subject." — Buiiding Netvs. 

"Converters of timber, wholesale joiners, the members generally of the building trades archi- 
tects, and owners of and dealers in timber, owe Mr. Bale tribute to the value of the cost of bis 
book! It is sound from end to end, well designed and well executed." — Iron. 

" The appearance of this book at the present time will, we should think, give a considerable 
impetus to the onward march of the machinist engaged in the designing and manufacture of 
wood-working machines. It should be in the office of every wood-working {^cXoxy."— English 
Mechanic. 

Saw Mills, 

SAW MILLS: Their Arrangement and Management, and the 
Economical Conversion of Timber. (Being a Companion Volume to " Wood- 
working Machinery.") By M. Powis Bale, A.M. Inst. C.E., M.I.M.E. 
With numerous Illustrations. Crown 8vo, los. 6d. cloth. 

•* The author is favourably known by his former work on 'Woodworking Machinery,' of which 
we were able to speak approvingly. This is a companion volume, in which the administration of 
a large sawing estatdisbment is discussed, and the subject examined from a financial standpoint. 
Hence the size, shape, order, and disposition of saw-mills and the like are fj^one into in aetaii, 
and the course of tne timber is tracea from its reception to its delivery in its converted state. 
We could not desire a more complete or practical treatise."— ^»('/(f<f^. 

" We highly recommend Mr. Bale's work to the attention and perusal of all those who are en- 
gaged in the art of wood conversion, or who arc about building or remodelling saw-mills on im- 
proved principles."— jSKi/rfiV/^ Nevis. 

" Will be found of much value by that special class of readers for whose information it is de- 
signed. We recommend the book to those about to construct or to manage saw-miHs."— .<</A«M<?Mm. 

Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, Wages, 
Marketing, and Decimal Tables. Together with Tables for Converting 
Land-measure from one denomination to another, and Instructions for 
Measuring Round Timber. By Richard Horton. i2mo, 2s. strongly bound 
in leather. 

Carpentering, 

THE CARPENTER'S NEWG UIDE ; or, Book of Lines for Car- 
penters : comprising all the Elementary Principles essential for acquiring a 
knowledge of Carpentry. Founded on the late Feter Nic^a\AQvJ^%kVwAa:i^ 
Work. A New Edition, revised by Arthmil k'S¥w\t^\*,''S«'9>»K« '^^^c^«- 
with Practical Rules on Drawing, by O^o'RGk^ "t'^'sx., "^vCa. i\ ^>a!«»'% 
4to, £1 IS. cloth. 
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THE TIMBER MERCHANTS AND BUILDER'S COM- ' 

FASIOS. CoottiaiBK New and Gopkms Tables of the Reduced Weight and ■ 

y casoremrDt of Deils and Battenm. of all siaes, firom One to a Thcmiand 

F:tc«v ar.d the reUtire Price that each size bears per Lineal Foot to any 

e.-rtrt Pnce pcr Pvt«nbQr(C Standazd Hundred ; the I^ce per Cube Foot of 

S4':l-« T'.TTiVer to any ciren Price per Load of 50 Feet; the proporticmate 

VaIsc of I>cal« and Battens br th£ Sundard^ to Square Timber by the Load 

or « ' Fret . the readiest OMde of ascertaining the Price of Scantling per 

I :a<-Al Foo< cf any sice, to any gi^ren FScnre per Cabe Foot. Also a variety 

ri ochrr Talaab> infonnatioo. B7 William Dowsxno, Timber Merchant . 

Tbi:d K'liticn. Revised and Corre ct ed. Crown 8vo, 3s., cloth. 

* 1 «wi**> Ttf •\ It . ^Rvoc and iieax u it can possibly be made. There can be no doubt that 
«■«••» • ■ ■•■t -^r Si-! a!vl N.-^lcff ouictit to fwascas It." — Hull jidxrertiser. 

- W r I-' ^ 1 •. • < «a-e I thml editii-w of tbcse admirahle tables; which for correctnesb anJ 
-. -J f 1-- ."^-r-iK ".'. Waie iwchmi; to be desired. ""— 7V*»Atr Trmdes youmtU. 

I*rarticai Timber Merchant. 

UlE PRACTICAL TIMBER MERCHANT. Being a Guide 
tor the u«« of Building Contractors, Snrve^rs, Bnilders, &c., comprisioe 
t!v-tul Tables for all porposes connected with the Timber Trside, Marks of 
'A vx-sl. l.!ivftT on the Strength of Timber, Remarks on the Growth of Timber, 
t*tc. Hy W.'RicHARDSOM. Fcap. 8vo, 3s. 6(1. doth. 

"I .. y.i-: S t-anual coatatns much valuable infbnnatioa for the use of timber merchants 
h .^ irr ^ : r>-.frN ar, I all ochcTS cctmcctcd with the growth, sale, and manufiurture of timber.' - 

** T ■ ; Tilvr merchants or oscn this compact treatise win be found very useS\iL"-~IUustrateH 

Timber Freight Book. 

THE TIMBER MERCHANTS, SAW MILLER'S, AND 
iMl^ORTEKS FREIGHT BOOK ASD ASSISTANT. ComprisinR Rules, 
Tables, and Memoranda relating to the Timber Trade. By Williau 
KicHAhnsoN. Timber Broker; together with a Chapter on *' Speeds of Saw 
Mill Machinery,'* by M. Powis Balb, M.I.M.E., &c. xamo, 3s. 6d, cloth. 

Tables for Back ii^f 'Case Makers. 

PACKISG-CASE TABLES ; showing the number of Super- 
ficial Feet in Boxes or Packing-Cases, from six inches square and upwards. 
By W. RicHAROSON, Timber Broker. Second Edition. Oblong 4to, 3s. 6^- 
cloth. 

" Will save much labour and calculation to makers and users of packing-cases."— <;/vcvr. 
•' Invalu.il>le labour-saving XaLXMs.'—IroHmonger 

Superficial Meastireinent. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MBA- 
SUKEMEST. Tables calculated from x to 200 inches in length, by i to 108 
inches in breadth. For the ase of Architects, Surveyors, Engineers, Timber 
Merchants, Builders^ &c. By James Hawkings. Third Edition. Fcap., 
35. 6d. cloth. 

Forestry. 

THE ELEMENTS OF FORESTRY. Designed to afford In- 
ionnation concerning the Planting and Care of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F. B. 
Hough. Large crown 8vo, los. cloth. 

Tiinber Importer's Guide. 

THE TIMBER IMPORTER *5, TIMBER MERCHANT'S AND 

BUILDER'S STANDARD GUIDE. By Richard E. Grandy. Compris- 

ing an Analysis of Deal Standards, Home and Foreign, with Comparative 

Values and Tabular Arrangements for fixing Nett Landed Cost on Baltic 

and North American Deals, including all intermediate Expenses, Freight, 

Insurance, &c., &c. ; together with copious Information lor the RetaUer 

and Builder. Second Edition, carefully revised and corrected, izmo, 3s. 6d. 

cloth boards. 

"Evervthiiur it pretends to be : buUt up mtaAuaWv, \1Vm.As. <ixv.«i itaro.».\«t«.\.\ai^vi,j«o*yu and 

throws iTisa^ikeySS^U a host o£ materlSL coTic*tito«\>tvOtt, co\«b«^ d««ro*,u.^^^li;5SS. 



JttNlNG AND MlHH^G INbUSTRtE^. "7 

UINXNG AND^mONO nroUSTSIES. 

Mining in the United Kingdom, 

BRITISH MINING : A Treatise on the Hittory, Discovery. Practical 
DecelBimait, and Futtiii Prospuls 0/ MitaUifcrovi Mina in Ihc Untied King- 
dom. By RoBBBT HuHT. F.R.5,, Keep« of Mining Records; Editor o[ 
" Ura's DiclioDEuy of Arts, MaDubclucea. and Mines,'' Ac UpwBrda of 95a 
pp., with 330 llluslraticHis. Snpu-Toyal Svo, £3 js. ctoth, 
Syntpiii 0/ Conltnti .- 



armo^ CcAn*.^- IV- ii\Biae r^r TiB 
Coaptr to lb* £Dd of Ua KPtaucBtlL 
CuBin.— V. HUoE In I-Hd, EKer, be- 
ta tbi End Df tbo EtttaKHotli cuton.— VL 
tSal^ niimlwn Inn On, uid BundtiH to 



trs[,s. 




Coal and Iron, 

THE COAL AND IRON INDUSTRIES OP THE UNITED 
KINGDOM. ComprisiBE a Description of tlie Coal Fields, and of the Princi- 
pal Seams of Coal, nilh Returns of tbeii Produce and its Dislrihulion, and 
Analyses of Special Varieties. Alio an Account of the occuiieuce of Iron 
Ores in Veins or Seams: Analyses of each Variety; and a History of the 
Rise and Progress of Pig Iron Mannfoctnre since Ih: year r740, exhibiting the 
Economies introducsd in the Blast Pumacesfbrits Frodticiion asd Improve- 
mml. By Richaid Mbadb. Assistant Keeper of Mining Records. Willi 
Maps of the Coal Fields and Ironslons Deposits of the United Kingdom. 
Svo, £1 8j, cloth. 
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MetaUiferaus MinenUs and Mining. 

TREATISE ON METALLIFEROUS MINERALS AND 
UISiSG. By D. C. Davibs, F.G.S., Minine Engmeer, &c.. Author of "A 
Treatise on Slate and Slate Quarr^g/* Illustrated with nnmerons Wood 
Engravings. Second Edition, careimly Revised. Crown 8vo, X2S. 6iL cloth. 

** Nriiher tha practical miner nor the flrcneral reader interested in muie% canbave a better book 
lor bb coui|>amoa and his guide."— A/tMiMf^ yourtuU, 

" A bnok that will tMtt only be useful to the geologist, Ute practical miner, and the metaOurgis* ; 
tmt aho very iutcresting to tlic general public."— /r^/c 

" \s a history of the present state of mining througlioat the world this book has a real value, 
a^Ml it supplies an actual want, for no such Information has hitherto been brought together within 
ft!Kh liuiiivd space."— .-/i^Mirwwf. 

Enrthy Minerals and Mining. 

A TREATISE ON EARTHY AND OTHER MINERALS 
ASD MINING. By D. C Davies, F.G.S. Uniform with, and forming a 
Companion Volume to* the same Author's '* Metalliferous Minerals aiid 
Mining." With 76 Wood Engravings. Crown 8vo, 12s. 6rf. cloth. 

Summary of Contents : 

phate of Lime. PART III. Carbon and Com* 
pounds of Carbon — Sulphur. PART IV. 
Arsenic — Cobalt — Molybdenum — Antimony 
and Manganese — Classified List of Mineral 
Substances. 



Part I. SUio'—Mumina—Lhnc— Magnesia 
— ducina — Zirc< niA — Thoria— with some of 
their combinations. PART II. Chloride of 
Sodhim (Common Salt)— Nitrate of Soda- 
Borax— Baryta— Gypsum— Alum Shale— Pbos- 



" It is essentially a practical work, intended primarily for the use of practical men. ... We 
do not rememlier to have met with any En^ish work on mining matters that contains Uie same 
amount of information packed in equally convenient (orm."— Academy. 

Underground JPumping Meichinery* 

MINE DRAINAGE: Bemg a Complete and Practical Treatise 
on Direct- Acting Underground Steam Pumping Machinery, with a Descrip- 
tion of a large number ot the best known Engines, their Generad Utility and 
the Special Sphere of their Action, the Mode of their AppUcs^tion, and 
their merits compared with other forms of Pumping Machinery. By Stephen 
MiCHELL. 8vo, 15s. cloth. 

" Will be highly esteemed by colliery owners and lessees^ mining engineers, and students 
generally who require to be acquainted wiu the best means of securing the drainage of mines. It 
ii a most valuable work, and stands almost alone in the literature of steam pumpii^ machinery.'— 
Coliiery Guardian, 

Mining Tools. 

A MANUAL OF MINING TOOLS. For the Use of Mine 
Managers, Agents, Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mined. i2mo, 35. cloth boards. 

ATLAS OF ENGRAVINGS to Illustrate the above, contain- 
ing 235 Illustrations of Mining Tools, drawn to scale. 4to, 6s. cloth boards. 

"Students in the science of raining, and overmen, captains, managers, and viewers may gain 
practical knowledge and useful hints by the study of Mr. Moigans' manual."— Cc/Zt^O' Guardian. 

Co€U Mining. 

COAL AND COAL MINING: A Rudimentary Treatise on. By 
Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector of the Mines of 
the Crown. New Edition, Revised and Corrected. With numerous Illustra- 
tions, lamo, 45. cloth boards. 

"As an outline.is given of every known coal-field in this and other countries, 'as well as of the 
principal methods of M'orking, the book will doubtless interest a very large number of readers."— 
Alinittg journal. 

Mining Surveying. 

THE MINERAL SURVEYOR AND VALUER*S COMPLETE 
GUIDE. By William Lintern, Mining and Civil Engineer. With Four 
Plates of Diagrams, Plans, &c. zamo, 45. cloth boards. 

" Contains much valuable information given in a small compass, and which, as far as we have 
tested it, is dioroughly trustworthy."— /r<»« and Coal Trades Review. 

Subterraneous Surveying. 

SC/BTERRANEOUS SURVEYING, EUmtuUv^ wvd Practical 

Treatise on: with and without tbe MagneWc '^eeej^©. "fei 'Jisiwi.k.'^ ^B^^^vct.^ 

Surveyor of Mines, and Thomas Bkwlk, C'E.. \\Vaa^xax^, ■M8Es«i,-».0«iS5s^ 



NAVAL AkCtilt^Ct\j^E, ^AViGAtlOl^, etc. i^ 

NAVAL ARCHITECTIJBE, NAVIGATION, etc. 

Pocket-Book for Naval Architects and Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK of Formula, Rulest and Tables, and Marine Engineer's and 
Surveyor's Handy Book of Reference. By Clement Mackrow, Member of the 
Institution of Naval Architects, Naval Draughtsman. Third Edition, Re- 
vised. With mmierons Diagrams, &ic. Fcap., 12s. td. sorongly bound in 
leather. ^ 

" Should be used by all who are encfagred in the cotistructioti or design of t«^Is; . ,^. Will 
hz found to contain the most useful tables and formulz required by shipbuilders^ ^refully collected 
from the best authorities, and put together in a popular and simple iovai."—Jingitieer. 

"The professional shipbuilder has now, in a convenient and accessible form, reliable data for 
solving many of the numerous problems that present themselves ill the course of hivwork."— /f«». 

" There is scarcely a subject oil which ft naval architect or shipbuilder can require to refresh 
his memory which will not be found within the covers of Mr; hlLadu'oyir'i^iOclk^—Engiiish Mechanic. 

JPocJcet'Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULA FOR MARINE ENGINEERS. By Frank Proctor, A.I.N;A. 
Third Edition. Royal 32mo, leather, gilt edges, with strap, 45. 

" We recommend it to out readers as going fkr to supply a long-felt want."— A^az«t/ Scieha, 
"A most useful companion to all marine engineers."— 6^1 f/«</ Service Gaietfe. 

Oranthum^s Iron Shipbuilding^ 

ON IRON SHIPBUILDING. With Practical Examples and 
Details. By John Grantham, M. Inst. C.E., &Ci Fifth Edition. Imp. 4to; 
boards, enlarged to 40 Plates, including the latest Examples. Together with 
separate Text, also considerably enlarged. i2mo, cloth limp, price £2 2s: 
complete. 
" Mr. Grantham's work is of great interest. . . . It is also raluable as a record of the pro- 



gress of iron shipbuilding. ... It will, we are confident, command an extensive drculation 
among shipbuilders in general. . . . The text-book on which the examination in iron ship* 
building ot candidates Tor promotion in the dockyards will be mainly bas/ed.''—Jifig'i»eeritig: 



Lighthouses, 

EUROPEAN LIGHTHOUSE SYSTEMS. Being a Report of 
a Tour of Inspection made in 1873. By Major George H. Elliot, Corps of 
Engineers, U.S.A. Illustrated by 51 Engravings and 31 Woodcuts. 8vo, 
215. cloth. 

Navigation (I^racticalJ, with Tables. 

PRACTICAL NA VIGATION. Consisting of the Sailor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together with the requisite 
Mathematical and Nautical Tables for the Working of the Problems, by 
Henry Law, C.E., and Professor J. R. Young. Illustrated, jzmo, ys. 
strongly half-Dound. 

Stonns. 

STORMS : Their Nature, Classification, and Laws; with the Means 
of Predicting them by their Embodiments, the Clouds. By William 
Blasius. With Coloured Plates and numerous Wood Engravings. Crown 
Svo, los. 6d. cloth. 

"A %-ery readable book. . . . The fresh facts contained in its pages, collected with 
evident care, form a useful repository to meteorologists in the study of atmospherical disturbances 
. . . The book will repay perusal as being the production of one who s^ves evidence of acute 
observation."— A'lBftirff, 

The following books on Naval Architecture, etc., are published in Wsals's 

Rudimentary Series. 

MASTING. MAST-MAKING, AND RIGGING OF SHIPS. By 
Robert Kipping, N.A. Fourteenth Edition. lamo, as. 6d. cloth boards. 

SAILS AND SAIL-MAKING, Tenth Edition, Enlarged, with 
an Appendix. By Robert Kipping, N.A. Illustrated. izmo^'>>s.Ov<c:i'^\iK«s.^'5* 

NAVAL ARCHITECTURE. By "Jkm^^^^ky.^^ ^<^^ixSic."^5^x^C\o^^ 
with Plates and Diagrams, izmo, ^s. c\o\\i\>om^%. 
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£lectrtcitt/. 

A ilANUAL OF ELECTRICITY : InttHding Galeantsm. Mag. 
atliim, DukMagMtliim. EUclro-Dyoamici, Maine-Elirlncily, anil Ihi Elaine 
Tiltgntk. By Hihk M. No*d, Ph.D., PJt.S,. ^^ " "-— - 
Willi jDoWooddUi. >«>,£) 41. doih. 

Text Book of Electrieiti/. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 
Hmiir M. Nojid, Ph D,, F.R.S.. F.C.S. New Eiiilion. carefuUy Revisad. 
With u Inlroduclioo ud Additiopal Ctaplsra, by W. H. Pumice, M.I.C.E.. 
Vica-Prwldsal of lbs Soden of Telcgrapb EngiQcers, He Wiih 47a lUustia- 
Ikat. CiowD Bvo, izi^ fd. dIdUi. 




<. K«ii|i<i and Bi. j. F. 

Hr. Zardner's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardneb. 
318 Illostrilioni. Si«h Edition. Ona Vol.. 31, fid. glnlh. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Larbnee. 
With 190 tllusualions. Second Edition. Ona Voi., 31. 60. cloth. 

IH: Iiordner's Electric Telegrajf/t. 

THE ELECTRIC TELEGRAPH. By Dr. Lahdnbh. Neu- 
Edition. Revised and Re-wrillen by E. B. Bright, F.R.A.S. 140 llluslra- 
titma. Small Bvo, as. 6i. clolb. 

Field Fortlficatimu 

A TREATISE ON FIELD FORTIFICATION. THE ATTACK 
OF FORTRESSES, MILITARY MINING. A ND RECONNOITRING, hy 
Colonel I. S. Macaulav, late Professor of ForlLficaiion in tba RM.A., Wool- 
wich. &ixthEdition,ciDwiiSvo, cloth, with separate Allaaof it Flatea, in. 

lAghtning. 

THE ACTION OF LIGHTNING, and the Mians of DifmiiHe 
Li/i and Property frran Hi EffKts. By Major A. Pakbsli,, R.E. iimo.jt.td. 

"MMjorPAiDtU ha*i»rittenBiiorigiixftlwijTVQQfc%cWititit ™V.\KHfl uraqnA^tnHtA-. vid Im 
^J orBfJuvd lib AnuDiflDts by m patient biA aAowA tili»a?ai<a tUixmft tA *^\j<A*^ftjm^,^ft,ft 
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Geology and Genesis. 

THE TWIN RECORDS OF CREATION; or, Geology and 
Genesis : their Perfect Harmony and Wonderful Concord. By Gborgb W, 
Victor le Vaux. Numerous Illustrations. Fcap. 8vo, 55. cloth. 

"A valuable contribution to the evidences of revelation, and disposes verv conclusively of the 
arguments of those who would set God's Works a^^ainst Cod's Word. No real diflSculty is shirked, 
and no sophistry is left unexposed."— 77t« RocJb. 

" The remarkable peculiarity of this author is that he combines an unbounded admiration of 
science with an unbounded admiration of the Written Record. The two impulses are balanced to a 
nicety ; and the consequence is that difficulties which to minds -less evenly poised would be serious 
find immediate solutions of the happiest kinds."— Z^/i<^( Review, 

Hie Blotvpipe* 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY. Containing all known Methods of Anhydrous Analysis, many 
Working Examples, and Instructions for Making Appsuatus. By Lieut.- 
Colonel W. A. Ross, R.A., F.G.S. With zao Illustrations. Crown 8vo, 
3s. 6d, cloth. 

CoHtetUs : 



Chap. I. ManufitctureofBlowiiuf Apparatus. 
II. Constructi(Mi of Pyrological Lamps. — III. 
Supports and Apparatus. — IV. On Auxiliary 
Apparatus.— V. On the Structure and Manage* 
ment of I^rrocones. — VI. On Pyrolog^ical Ke- 
aeents. — ^VII. On Reagentsand Simple Mineral 
Analyses.— VIII. First Operations : Aluminium- 



plate Reactions of Metals and AUoysw— IX. On 
Pyrological Mineralogy and a New Specific 
Gravitometer. — X. Inner Caldum-pyrooorate 
Balls. "Chemical Water." &c.— XI. Rationale 
of Outer and Inner Ball Formation in Boric 
Acid before the Blowpipe, — XII. Friebers 
Qualitative Examples. 



"The student who goes conscientiously through the course of experimentation here laid down 
will gain a better insight into inors^c chemistry and mineralogy than if he had 'got up' any of 
the best text-books of the day, and passed any number of examinations in their contents.' —CA«mt- 
cal News. 

The Military Sciences. 

AIDE-MEMOIRE TO THE MILITARY SCIENCES, Framed 
from Contributions of Officers and others connected with the different Ser- 
vices. Originally edited by a Committee of the Corps of Royal Engineers. 
Second Edition, most carefully revised b]^ an Officer of the Corps, with many 
Additions; containing nearly 350 Engravings and many hundred Woodcuts. 
Three Vols., royal 8vo, extra cloth boards, and lettered, £4 xos, 

"A compendious encyclopaedia of military knowledge^ to which we are greatly indebted."-.- 
kdittburgh Review. 

" The most comprehensive work of reference to the military and collateral sciences.' — Volun 
ieer Service Gazette. 

Astronomy. 

ASTRONOMY. By the late Rev. Robert Main, M.A., F.R.S., 
formerly Radcliffe Observer at Oxford. Third Edition, Revised and Cor- 
rected to the present time, by William Thynne Lynn, B. A., F.R.A.S., formerly 
of the Royal Observatpry, Qreenwicb. x2mo, as. $loth limp. 
" A sound and simple treatise^ very carefully edited, and a capital book for beginners."— ATmow* 

"The present edition seems to have been carefully and accurately brought dQwnto the require* 
ments of the present time by Mr. l.yTin."—Ji(iucatio»al Times. 

Geology. 

GEOLOGY, Physical and Historical, Consisting of " Physical 
Geology," which sets forth the leading Principles of the Science ; and " His- 
torical Geology," which treats of the Mineral and Org[anic Conditions of the 
Earth at each successive epoch, especial reference bemg made to the British 
Series of Rocks. By Ralph Tatb, A.L.S., F.G.S., &c., &c. With over 250 
Illustrations, izmo, 55. cloth boards. 

" The (illness of the matter Has elevated the book into a manual. Its information is exhaustive 
and well axTznged."—Sc/iooi Board Chronicle. 

Conchology. 

MANUAL OF THE MOLLUSC A : A Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. With Appendix by Ralpr 
Tate, A.L.S., F.G.S. With numerous Plates and 'i<»Vi^»&jt\sX^.ViasA.^^'a^^ 
boun4 in cloth boards, 7s. 64, ,^a«uat< 

"A most valuable storehouse of <;oncho\o^cA mv^l tt^o\o©Ksi\ \T>^QkTW«s'^^"^"-"^*'^''^ 
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C -.!•: • t.pJVr' :.M i' 

r.Vr .V '. Vr " ;':r r =• aiSTfASICS. Ealai^td aad almost re- 
«T ;:i-.a J« 3K:!i:.k.«:a Lij»*v-: ? jLJlS.. Wxik £71 EIoscBtiaBik INms Sro, 

• ~V ■•-re nl» if *e trijtui **« -•—«•—'■«'*••? 

>* - ■ . — — -I :* «m^ ji _^ 

M- . -tr.. •1*--. aac - 3i- tm.- s. :i:.-.=t~>i Y jic" — Jfn 

"*-■■. • 

* H .r :ru '-aii <«-T-it- xi» i^: *«« 4T?i'nrac« ainv -uzm w iec"t rt'Tfaif at •^■' art of ] 
br<4n^ .•- -w •- * -n^a 7 r. ~ .u- :iHr» Lut M .- L wvnr > -hKnc-fini t an ji e it iOMC <^ < 

r.vj: .v.i.vrj-v.v :=• hyzrostatics a\d pxecmatics. 

N :•« E^£L-a« l^'v::i^i lad Zalapped ^j Bsajaxzs Lccvt, F.RJLS. Wiih 

^^ifc ■■■!:. f. .•<"* . 

' T : ■ - lusw -«fi>r; im 'JS :«es ans^bilv -r^ml amjieafl Bl a aeary twice Ak bolk of ±e 
4.ri:i"- !-^:. c ^.; i-l Zie ju.:^ rs-.:-jnc -narrc'jaa -■<■ iOOfff. ... E: si * va^Bafcle Best-book." 

rff£ ^zASZ 3 SCK C'F HEAT, Edited and almost entirely re 
w — .-a ry 3.£'»:»»:^ Lri-^i F.S.A.S» Ac. 117 EZvttratioBS. FostSro^fis. 

■ ?':« ir>:« - k-v I j> :ji;%r i-ii: :pi.-^r. x^ii c-a^«n iB£rii""fa vizlmut h iiim iij doodliKSS 
ar ':r%.::^ I^u..:: .c.:j:.l. * — J' r.*- !■ r-~.-r, 

* V Hi •>: >- •■II---J-- • -• CiC :s. Je >u..ji:-jr :s vs -Ji x tvxx aal s sc acxaaged tihat k caa be 
vbfiir: ..^ 1 li Ti :.-i r; : ir-:i:.i u t. ;uri;f its- »A~f.i« :f -tLj-acal. soesoe. .... Mi. 
LtMF^T' vo.- i: -■iiW'f lI *.:e ^--c :i»^ • ?r»-* c -i< » iruu Liw^ isticfnrts offbeat' — SSanJ^u-J, 

* A r.is^i^w Bi; ujiiv ss: :<:«-it ^.>r =3* 3ft« cf <r !i 'irTts aad jcactal >ea<dexv.''— fjyotft 




"^'rctsj.':? :iir .•( A« a^bkrg EJi^Safe v-T-grHic wsxet\ bejtigj y ati ri i hnrat iely apattatgd.* 
— V« Art-. JLcji^'jLrrv. 

THE HASDBOOK OF ELECTRICITY. MAGXETISM. ASD 
ACOl'SnCS. By Dr. Laitpjixk. Xcv Edition. Edited br Geokge Caret 
FcsTZz. 3-\.. F.C S. Widi *>: lljcscotiocs. Small Svo, 5s. doth. 

1 ...id *» Je .-f L a^ uer. « a^Je mrrcr^ i-s err:ri xhl tca:)fi=)£ tp i:s work to tl>e present fiate uf 

J>r. Lardner^s Handbook of Asironomff. 

THE HASDBOOK OF ASTROSOMY. Fonning a Com^nion 
to the " Handbo ok of Natonl PhiZosaphT.** B7 Dioxtsius Lakdxzk, D.C.L., 
fonnerlT Proussor of Nuoral Ttaiasafhj and Astroaomj in UniTersity 
Collegr. Loodon. Foorth Edition. Rerised and Edited bj Eowxx Dl'kkin, 
F.R.A.S^ Ropd Obsenntorj, Greenwich. With 38 Plates and opwaids ot 
xcti Wccdccts. In One VcL. sooall Svo, 550 pages, gs. fill. doth. 

** Pratobly =0 ctber beck c.^cnlzs the a=e a aaicc t of iaf.-^rr-jrion in so compendious aod vtll- 
arrasgcil a forta— certainly =::oe a: :2:w prwe a: which this is offined to the pabGc.* — Atknunnm. 

" Wtt caa do ao ctiMr tlfcar; pr»>:(iace this work a aost ri^Bable nai-a] of astnaMmr. and ve 
^rrocglr Teoooiaend i: : j al who ^sh »> aci^sfre a geaeral b u t at tbe saiae tioeooirect— acquaint- 
JLocr aAb Cbis y^tJintm sat-xc' — ^a^rtfKj JittmaZ <f Science. 

"Okieor t!Kaostdeser««i3ypopalarbocteQatbevib^fKX . . . "^^ ' wqdA twaomnend not 
«i/r the jn:den£ of the e>=*c:ary pr.^.?;** o€ «» *o««;^^'^^;?^V-™'^ 
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DR. LABDNERS MUSEUM OF SG IENGE AND ART. 

THE MUSEUM OF SCIENCE AND ART. Ediled by 
DioKYsms Labdheb, D.C.L., formerly Professor of NituiBl Philosophy and 
Astronomy in Univcrsily College, London. Wilb upward* of i.»oo EnrraT- 
ingson Wood. In « Double Voriuoes.jC'"' 'IB newuidele^ni cloihblad- 
iDg^ or bandsomely bound in halt-monicoo, 31S. 6if. 

LoUfkudei — Zimu ijdtueACefl — Uetvoric 
— Urtt— CoHmaBTUDH ; Air—t<Koiatitian 
In lEt Ulined SBlil-ClliDeUiv IiJucncM- 
Cddhii TM^ml Wun^Tht hoer'i An- 
Ctmnott ThJan: PIk — Locomolioii uid 
Tru^iOft thiiiiniiiiiii ■ ud pHeno— Tha 
Hooa— 03HHn TUn: Tka £>Ui— Tlv 



Bincl andlciMilHBtnM— Tt»o iiiSr MIc 




e Mteroieope, Conlaining Optical Images, MagnifjinB Glas««, Origin 
ndDeictiDtion of the Microscope, MlcroKopic ObJBCtg.Iba Solu Micro- 
scope, Microscopic Drawing and Engraving, Ac. 147 lliuslralioni, clolh 

Poputar Geotoou- Containing Earthqnalies and Volcanoes, Iha Crnst of 
the Earth, &c. zoi liiusUaiions, cloib gilt, u. M. 

Fopnlar Phg*1fM. Containing Magnilade and Minoteness, the Atmo- 
snheie. Meteoric Stones, Popular Fallacies. Weather Pioenostici, the 
liietniometer, the Baromelet, Soiud, &c. B5 llluttratioat, cloth gill, u, M. 

Steam and lit Vmet. Including the Sleam Engins, the LocomeliTe, and 
Steam Navigation. 8g Illustralions, cloth gilt, u. 

Popular Arlnmomy. Containing How to observe the Heaven*— The 
Earth, Snn, Moon, Planets, [jgbl. Comets, Eclipses, Astronomical Influ- 
ences. Ac. iSiIlltisIr3tions,4i, M. 

The Bee and WIMe Ante 1 Their Manners and Habits: With IllDBtra- 
tions of Animal Instinct and Intelligence, ij; Illustrations, cloth gUi, u. 

The mtelrie TeUgrapJi PopMlartaed, To iei,d« ■™v»\\\eDV: s» ^^^^^ 
can Read, i tiespectiTe of any previous ScieW.\&; dtwaaEmto.Vi, *«'^S>^ 
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BUTHEUATICS, OBOUETRY, TABIDS, etc. 



1 



t^tetiral Mathematics. 

MATHEMATICS FOR PRACTICAL MEN. Being a. Coin. 
BPO pla« Book ol Pora Ulil Miiad Uuhemtic*. Designed chjaflv for Itie 
Uh ol CItU BuiDeen. ArcliiiKU. and Sun'aro'^ P>n 1. Funs hathc* 
■UTiCa: eoowiiliicArlihmaiie, Algabn. Gflemon?, HeDiarBdcin, Tiigeiii- 
DMrj, OoUBSHIlst]*, PropartiM of Cvms. put II. Uiibd M&iBBWATiei: 
cBBpiMaa MiEhudo in nnenl Stuiu, Draamlcs, Hydc«tatlcs, Hrdnt- 
dTtunlc*. FiMunuilc*, Machulcal Aesnlx Sirsneth of MateilMs. Wiib >d 
ApMDdU of copkiu La«iu[lhniic mid oibet Tiblea. Bjr Olihthus C ~ 
oai, LLD.. P.S-*^.. Enlarged by Hm.i Hw. C.E. 4tii Edition, 



Enlarged bf 

.. . _, ,. .. YOUHO.fc— 

Wilb ij PtalH, Bvn, fi 
"Tla wtfm waff^flaawni ban Aid Hady « 
MtfhHHdcardiaciiltjr tiiat my ut« ill Ui pncd«. 



a^—Bviaar-Nitia. 






^— l-bnk Ibr b&a wlio. bavfa^ 

etrical Vnits i 

MODERN MET! 

Hivl S)>i((m( 0/ f A< /'nintt Century. With an Appendil containiae a propoae) 

Enillilb StsIbbi. Bi Lowib D'A. jACKSaN, A.M. Inst. C.E., Auibor o[ '■ Aid 

to SutvCT FiacIlM,'' ftc, Largs mown 8vo, m. M. clolti. 




3%e Metric System. 

A SERIES OF METRIC TABLES, in tphicklhi British Siani- 
antMianmsaadWeithUaticompariditilkthostoftheMilricSysltmatptamt 
in Vti an Iht CawHuail. Bt C. H. Dowlino, C.E. Second Edition. Revi^ 
BodEDlaigsd, Sto, 101. U.atrongly bound. 
■■TMFiiD™«7l-»b™iia!rtiliedbTlTofB™-Alry.t 
"Mr, DowUweV Tables, wMcb aiT well ^t IQRIher, « 

Oenmetry for the Architect, Engineer, etc. 

PRACTICAL GEOMETRY, for the ArckiUct, E-ngineir and 
Mechanic. Giving Rules foi the DElincatlao and Appllcalian of varioui 
GaometriHil Unee, Figures and Cnrvas, By E. W.-fAits. M.A., Archilecl. 

dices on Diagrams oi Sltains and' fBometVical Projection. Wth [?> ^ikSl 
Iraliona, demy Byo,95. cinth. 



PteSrir. 
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Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR. Being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at One Reference the exact 
Value of any Weight ftova. z lb. to 15 tons, at 300 Progressive Rates, from id. 
to z68s. x>fr cwt.y and containing 186,000 Direct Answers, which, with their 
Combinations, consisting of a single addition (mostly to be performed at 
sight), will afford an aggregate of 10,266,000 Answers; the whole being calcu' 
lated and designed to ensure correctness and promote despatch. By Henry 
Harben, Accountant, Sheffield, Author of "The Discount Guide." An en- 
tirely New Edition, carefully revised. Royal 8vo, strongly half-bound, £1 55. 

"A practical and useful work of reference for men of business generally; it is the best of the 
kind we nave seen. We have frequently been asked if such a work as this could be obtained^ and 
therefore refer to it with pleasure. —/rc/im^M^r. 

" Of priceless value to business men. Its accuracy and completeness have secured for it * 
eputation which renders it quite unnecessary for us to say one word in its praise. It is a necessary 
tx>ok in all mercantile of&oes."— Shield /ndependent. 

"An enormous amount of labour must have been bestowed upon the preparation of the table^ 
but the result is a series which gives the answers sought more readily than any of its predecessors. 
Alintng yournal. 

Comprehensive JDiscount Guide. 

THE DISCOUNT GUIDE. Comprising several Series of 
Tables for the use of Merchants, Manufacturers. Ironmongers, and others, 
bjr which may be ascertained the exact Profit arismg from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit after allowing one or 
more Discounts : to which are added Tables of Profit or Advance from z^ to 
go per cent.. Tables of Discount from i^ to gSf iper cent., and Tables of Com- 
mission, &c.. from \ to zo per cent. By Henry Harben, Accountant, Author 
of " The Weight Calculator." New Edition, carefully Revised and Corrected. 
Demy 8vo, 544 pp. half-bound, £1 55. 

" All these tables are well arranged and clearly printed ; and the collection will be found of great 
value in those businesses for which the book has been especially compiled."— En£in€€riMjr. 

" A book such as this can only be appreciated by business men, to whom the saving of time 
means saving of money. We have the high authority of Professor T. R. Young that the tables 
throughout the work are constructed upon strictly accurate principles. The work is a model of 



typographical deamess, and must prove of great value to merchants, manufacturers, and general 
VeadtTS,— British Trade yournal. 



" Much time and labour will be saved by the use of this book— even to the most expert arith- 
ician. The great practical utility of the 'Dis - •- • 

work of reference."— £0»(/<>»f Commercial Record. 



uetician. The great practical utility of the 'Discount Guide' will no doubt make it a standard 



Jron and Meted Trades'^ Cadcvlator. 

THE IRON AND METAL TRADES' COMPANION. Being 
a Calculator, containing a Series of Tables upon a New and Comprehensive 
Plan, for expeditiously ascertaining the Value of any Goods bought or sold 
by Weight, from is. per cwt. to zi2S. per cwt., and from one farthing per 
pound to one shilling per pound. Eacn Table extends from one pound to 
100 tons. To which are appended Rules on Decimals, Square and Cube Root, 
Mensuration of Superficies and Solids, &c. ; also Tables of Weights of 
Xfaterials, and other Useful Memoranda. By Thomas Downib. Strongly 
bound in leather, 396 pp., 9s. 

" A most useful set of tables, and will supply a want, for nothing like them before existed." — 
Building News. 

" Will save the possessor the trouble of making numerous intricate calculations. Although 
specially adapted to the iron and metal trader the tables contained in this handy little companion 
will be tound useful in every other business in which merchandise is bought and sold by weight."— 
Railway News, 

JPractical Geometry. 

THE GEOMETRY OF COMPASSES; or, Problems Resolved 

by the mere Description of Circles and the use of Coloured Diagrams and 

Symbols. By Oliver Byrne. Coloured Plates. Crown 8vo, 3$. &d. cloth. 

" A very useful work, which will be vahied by all who are pursuing the useful and fascinating 
study of geometry."— /r(Wf. 

" The treatise is a good one, and remarkable— like all Mr. Byrne's conttlbatv<va& \si *&>& ^!6ssc>r."«s. 
of geometry— for the lucid character of its teaching."— Building Ncnos. 

"The problems in this useful book are cleverly wotVieAovLt\iN\ifc«A3X\lvJ^'3 «^^"^^^*=^?'^?^"^^^^« 
diagrams. /( ym nq cjoubt be extensively c\T<;u\at«d, "We VVcCp^^ x^cwssscnri^^ ^^.. — v^awwr is^ 
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INDUSTRIAL AND USEFUL ARTS. 



THE ART OF SOAP-MAKING : A Practical Handbook of tU 
Manufacture of Hard and Soft Soaps, Toilet Soaps, &c, InoladinR many New 
Processes, and a Chapter on the Recovery of Glycerine from Waste Leys. 
By Alf.xandkr Watt. Author of "Electro-Metallurgy Practically Treated/' 
Ac. With numerous Illustrations. Crown 8vo, 9s. cloth. 
" Th« work will prove very uaeAil. not merely to the tedmolosical student; but to tiw piacdcal 

inapboUcr who wishes to understand the theory of bi&axW—CMemicai News, 

"It i« really an excellent example of a technical manual, entering as it does, thoroushly and 

r«hausti%«;lv both into the theory and practice of soap manufacture. The bo<dc is well and honestly 

iliMie, and deserves tho considerable orcuiation with which it will dou b tless meet." — KnowUdgt, 
" Mr. Watt's iKKtk is a thoroughly practical treatise on an art which has almost no literature in 

nur bnifiuKe. We contrrntuUite the author on the success of his endeavour to fill a void in English 

le hnialbtcrature."— .\(T///rr. 

". . . . Clearly and concisely written, and appears to be comprehensive and comptete."— 

Lea th er Ma n u fact a re, 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook, in which the Operations of Tanning, Currying, and 
Leather Dressing are fully Described, and the Principles of Tanning Ex- 
plained, and many Recent Processes introduced; as sdso Methods for the 
Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut 
Dressing, &c. By Alrxandbr Watt, Author of " Soap-Making," *' Electrc- 
Metallurgy," &c. With numerous Illustratkms. Crown 8vo, X2s. 6<i. clotK. 

Mfust published, 

"Every item of use and interest to the leather trade has been touched upon, and the descrit 
tlons and expfamations of the vvious processes are exhaustively siven."— Tlocnners' and Curriers 
yottrnal. 

" A most lucid and readable book upon difficult and intricate subjects. Every known process of 
tnnnintf, from tho most primitive to the most recent, is fully and accurately described. —5co//tAk 
Ltathtr Trader. 

Boot ami Shoe Making. 

THE ART OF BOOT AND SHOE-MAKJNG. A Practical 

Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing and 

Making, with a Description of the most approved Machinery employed. 

By John B. Leno, late Editor of St, Crispin^ and The Boot and Shoe-Maker. 

With numerous Illustrations. Crown 8vo, 5s. cloth. [yust published, 

" A very complete account of the art and science of bootmaking', which includes kO that need 

l>c said about leatncrs and other materials, as weU as about hand-tools and the various machines 

that have latterly been introduced to supplement or supersede the old^ashioned handiwork."— 

H'feJkiy DispatcA. 

Dentistry. 

MECHANICAL DENTISTRY: A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Comprising also Use- 
ful Formulas, Tables and Receipts for Gold Plate. Clasps, Solders, &c. &c. 
By Charles Hunter. Second Edition, Revised. With upwards of zoo 
Wood Engravings. Crown 8vo, ys. 6d. cloth. 
" The work is very practical."— 3/(i?;irt/)» Revirtu qf Dental Sttrgery. 



" An authoritative treatise. . . . We can strongflv recommend Mr. Hunter's treatise to a'l 
sproparingr for the profession of dentistry, as well a 
'Journal 0/ Medical Science. 



s'^udents proparingr for the profession of dentistry, as well as to every mechanical dentist." — Dubiitt 



" A work in a concise form that few could read without gaining: information {rom."~BrWsh 
yoiirtial 0/ Dental Science. 

"The best book on the subject with which we are acquainted." — Medical Press and Ciratlar. 

lirewlng. 

A HANDBOOK FOR YOUNG BREWERS, By Herbert 
Edwards Wright, B.A. Crown 8vo, 3s. 6d, cloth. 

" This little volume, containir^ such a large amount of ^ood sense In so small a compass, ou^ht 
to recommend itself to every brewery pupil, and many who have passed that stsige. -"Brert-ers' 
OWane/i'au. 

" The book is very clearly written, and the aiut\vot Yvas %\\cc«s.W\-^>a\a>\^v\iv«,^^VvQ.Ufic know. 
Jeihro to bear upon the various processes and detavVs olbtewML. .^'^xx x T*C^^^^^'t^!^?''^^"*^^'^ 
t;;o^diS of S a book as tbis is ca\cu\ateA to do gooA, tot Vt -tlXI \fc;^<iWxxo >svccv«^x«x ^>i 
trhat is to Be done, but why it should be done —Breiver^ 



INDUSTRIAL AND USEFUL ARTS. 27 



Electroplating, etc* 

ELECTROPLA TING : A Practical Handbook. By J. W. Urqu- 
HART, C.E. With nnmerous Illustrations. Crown 8vo, 55. cloth. 




i ot the processes ot tne art to wiucn toey turn ineir aneniion. — utitgn ana n orx. 
' The inionuation etven appears to be based on direct personal knowledi;^ ... Its sdcnce 
is sound and the style is always clear." — Athenanm. 

Eiectrotypingf etcm 

ELECTROTYPING : The Reproduction and Multiplication of Print- 
ing Surfaces and Works of Art by the Electro-deposition of Metals, By J. W. 
Urquhart, C.E. Crown 8vo, 55. cloth. 

"The book is so thorous-hly practical that it assumes to start with an entire iprnorancc on the 
leader's part of electr;^city. lie is, therefore, conducted through its leading laws, then through the 
metals used by electrotypers, the apparatus, and the depositing processes, up to the final prupara* 
tion of the Tirork."— yf r^ yottmal. 

■■'■ " IirfRis work the author enters systematically and thoroughly Into every deinrtmcnt of tlie 
process. In the style of one who comUnes theory with practice. We can recomtnctul this treatise, 
not merely to amateurs, but to those actually engaged m the trade." — ChemUal Snvs. 

Klectric Lighting* 

ELECTRIC LIGHT : Its Production and Use. Embodying Plain 
DirectioDS for the Treatment of Voltaic Batteries, Electric Lamps, and 
Dynamo-Electric Machines. By J. W. Urquhart, C.E., Author of " Electro- 
plating: A Practical Handbook.^' Edited by F. C. Webb, M.I.C.E , M.S.T.E. 
SecoM Edition, revised, with large Additions and 128 lUusts. 7s. 6d. cloth. 
" The book is by far the best that we have yet met with on the subject."— yf/A«n<n«;n. 
" It is the only woric at present available which gives, in language mtelligible for the most part 
to the ordinary reader, a gcomal but condse history of the means which have been adopted up to 
the present time in producing the electric light. ... A chapter on the comparative cost of the 
electric light and gas contams much valuable and interesting information."— AT^/n^/t/aM. 

" Thel>ook contains a jgcneral account of the means aciopted in producing the electric light, not 
only as obtained from vomiic or galvanic batteries, but treats at length of the dynamo electric 
machine in several of its forms. ... An important addition to the literature of the electric 
light. Students of the subject should not fail to road it."— Colliery Guardian. 

ElectrO'MetaUurgy^ 

ELECTRO'META LL URG Y ; Practically Treated. By Alexander 

Watt, F.R.S.S.A. Eighth Edition, Revised, with Additional Matter and 

Illustrations, including me most recent Processes, xamo, 3s. 6d. cloth boards. 

"From this book both amateur and artisan may learn everything necessary for the successful 

prosecution of electroplating."— /r<>;i. 

"A practical treatise for the use of those who desire to work in the art of electro-deposition as 
a business."— A'w^/iIrA Mechanic. 

SilversnUtlis' Work* 

THE SILVERSMITHS HANDBOOK. Containing full In- 
stnictions for the Alloying and Working of Silver, Including the different 
modes of Refining and Melting the Metal, its Solders, the Preparation of Imi- 
tation Allocs, Methods of Manipulation, Prevention of Waste, Instructions 
for Improving and Finishing the Surface of the Work, together with other 
useful Information and Memoranda. By Ceorob E. Gbb, Jeweller, &c. 
Second Edition, Revised, with numerous Illustrations. i2mo, $s. 6d, cloth 
boards. [just published. 

"The chief merit of the work is its practical character. . . The workers in the trade will 
spcctlily discover its merits when they sit down to study it."-'Enjflisk Mechanic. 

" This work forms a valuable sequel to the author's 'Goldsmith's Handbook,' and supplies a 
want long felt in the silver Xx^de."— Silver smithf Trade yturnaU, 

Goldsmiths^ Workm 

THE GOLDSMITH'S HANDBOOK. Containing full Instruc 
tions in the Art of Alloying, Melting, Reducing, Colouring, Collecting and 
Refining. The i>rocesses of Manipulation, Recovery of Waste, Chemical and 
Physical Properties of Gold, with a New System of Mixing its Alloys ; Solders, 
Enamels, and other useful Rules and Recipes, &c. By Gborob E. Gee. 
Second Edition, considerably enlarged. i2mo, 35. 6d. cloth boards. 

"A good, sound, technical educator, and will be generally accepted as an authority. It gi%-es 
full particulars for mixing alloys and enamels, Ls essentially a book for the workiho^^^sA %-v&!a(s:% 
fulfils the purpose intended."— //oroloeical journal. ^ 

"The best work yet printed on its subject for a. teasanaMA -o^c*. "W^^NfcNfe^^e^tJ^S^"^^^ 
uiUsocedily become 8 Standard book which fe-w ^»m cat* \o \« -^iVCttfwxr— *3«rw*U«T «»\* *\«t*v« 
fffor^er. 
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CHEMICAL MAMXTFACTUBES ft COMMERCE. 



Alkaii Trade f Mamufaeture of Sulphuric A.cidj etc. 

A MAS UAL OF THE ALKALI TRADE, mclnding the 
Manafactnre of Snlphnric Acad, Sdtphaite of Soda, and Bleadnng Powder. 
By loHX I.4>M4<, Alkali Slanofii^arer, Newcastle-upon-Tyne andf London. 
^ itn 232 ninstratkins and Woridng I>rawings, and containing 386 pages of 
Text, boper-royal 8vo» £2 12s. 6d. cloth, 

*«* This work prorides (x) a Comirfete Handbook for intending Alkali and 
Salpharic Acid MaaiifKtorers, and for those already in the field who desire to 
imnrore their plant, or to become practicaHy acquainted with the latest processes 
and developcoents of the trade : (2) a Handy Volnme which Manufacturers can 
pat into the hands of their Managers and Foremen as a useful guide in their daily 
rounds of duty. 

Synopsis of ContaUs : 

ChM^ I. Okoioe of Site aod General Pbn of 
WoHtv— IL Salpknric Aod.— III. Recotcryof 
the Nirrofgva Cotapaoadx and Treatment of 

S<mH fVntes.—rV'. Tbe Salt Cake PtocesL— 

V. Leri^aSKKinpoa the Nozkns Vapour* (^es- narks— Four Appendices treating: of YieUs; 
tiaa.— Vl. Tbe Harvreorcs' and Jooes' Pro- ^nfplwig^ AfMraimlartfti^ A"*>nM>mrtert>^"^ 
CC9RS.— \1I . Tke hJbmg Proccsa.— VI 1 1. Uxi- Focewn Lesidatioa upon the Noxaoas Vapoois 
Tiatioo and Salting Dowa.— IX. Cartionating or Qaesxaoa. 

"TheaatharkasgiveathefaBett, Most practical, and, to all cooconed b the alkafi trade, oiost 
MS of iafocmatiaB that, to oar knowledge^ kas been pobfished in any language."— £m* 



Finishii«.— X. Soda Crvstab.— XI. Refined 
AlkaJl— XII. CanstK Soda.— XIII. Bi-carboo- 
ate of Soda.— XIV. Bleaching Powder.— XV. 
UtiBsatkia of Tank Waste.— XVI. Genend Re* 



"This book is written by a m a nnfartiir er for mannfactnreis. The woridnf d^aib of the most 
anpmred forms of apparatus are giren. and these are accompanied brno less than asa wood en- 
graringv all of which may be used for the purposes of oonstmction. JEvery step in tEe maoaftc 
turc tk wry fuQy described in this manual, ana each imDroTement ei^>Iained. Everything which 
t.-n.h to introduce economy into the technical details of ttiis trade recetves tbe fullest attention.'— 

" The author is not ooe of those d ere r compilers who, on short notice, wiQ ' read up ' any concdv- 
a^ile sul>)ect. but a practical man in the best sense of the word. We find here not merely a sound 
•xmI lu m inous explanatioo of the chemical principles of the trade, bat a notice of numerous matters 
• hich hare a most imponamt bearing on the successfiil conduct of alkali works, but which are 
generally otreriooked by even the most experienced technological authors."— CArm£ca/ Review, 

Commercial Chem,ical Analysis. 

THE COMMERCIAL HANDBOOK OF CHEMICAL AN- 
A L YSIS ; or. Practical Instructions for the detennination of the Intrinsic or 
Commercial Value of Substances used in Manufactures, in Trades, and in the 
Arts. By A. Normandy, Author of *' Practical Introduction to Rose's Che- 
mistry," and Editor of Rose's "Treatise on Chemical Analysis.*' New 
Edition, Enlarged and to a great extent re-written, by Hbnry M. Noad, 
Ph.D., F.R.S. With numerous Illustrations. Crown 8vo, 12s. 6d, cloth. 

" We recommend this book to the careful perusal of eversrone ; It may be truly affirmed to be 
of universal interest, and we strongly recommend it to our readers as agmde^ alike indispoisable to 
the housewife as to the pharmaceutical practitioner.'' — Medical Times. 

" Essential to the analysts appointed under the new Act. The most recent results are giren, 
and the work is well editea and carefiilly vnXXea."— Nature, 

I^ye-Wares and Colours* 

THE MANUAL OF COLOURS AND DYE-WARES : Their 
Properties, Applications, Valuation^ Impurities, and Sophistications. For the 
use of DyerSj Printers, Drysalters, Brokers, &c. By J. W. Slater. Second 
Edition, Revised and greatly Enlarged. Crown 8vo, 7s. 6d, cloth. 

*«'^ This book contains a description of about Six Hundred Colours, Chemi- 
cals, and Drugs us^ in the Tinctorial Arts, and their Sources, Applications, and 
possible Impurities. 

"A complete encyclopedia of the materia tinctoria. The information given respecting each 
article is fuU and precise, and the methods of determining the value of articles such as theses so 
Jiable 'o sophistication, are given with deamess, a&di ax« practical as well as valuable."— CAtfmit/ 

"Practical dvers. &c.. wiUwdcometheviot^t.\ti\ts\mvT5xv«^^tetm. .•t'^«!TO\&\«,««jt«a'w,,ev%ai 



AGkJCULfUkE, LAND MA^AGMMMnT, eU, ft| 

AGRICULTURE, LAND MANAGEMENT, etc. 



Youatt and Burn^s Complete Cfrazier* 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT, A Compendium of Husbandry; especially in 
the departments connected with the Breeding, Rearing, Feeding, and General 
Management of Stock ; the Management of the Dairy, &c. With Directions 
for the Culture and Management of Grass Land, of Grain and Root Crops, 
the Arrangement of Farm 0£Bces, the use of Implements and Machines, and 
on Draining, Irrigation, Warping, &c. ; and the Application and Relative 
Value of Manures. By William Youatt, Esq., V.S. Twelfth Edition, very 
considerably enlarged and brought up to the present requirements of Agri- 
cultural Practice by Robert Scott Burn, Author of " Outlines of Modern 
Farming," "Landed Estates Management," "Farm Management," "The 
Lessons of My Farm," &c. One large 8vo Volume, 860 pp., with 244 Illustra- 
tions, £1 15. half-bound. 
" The standard and text-book with the fanner and gnaier."— -Farmers' Afagaxine. 

"A treatise which will remain a standard work on the subject as long^ as British agriculture 
endures."— ,^ar* Lxtne Express (First Notice). 

" The book deals with all departments of aericulture, and contains an immense amount of 
valuable information. It is, in fact, an encyclopaedia of ag^culture put into readable form, and it 
is the only work equally comprehensive brought down to present date. It is excellentljr printed oa 
thick paper, and strongly bound, and deserres a place in the library of every agriculturist."— itfar>6 
Lane Express (Second Notice). 

" Of great value to the farmer, more especially to the young cattle breeder and feeder. . . . 
This esteemed work is well worthy of a place in the libraries of agriculturists."— AVr/A British 
AgricuUurist. 

*' A valuable repertory of intelligence for all who make agriculture a pursuit, and especially for 
those who aim at keeping pace with the improvements of the age. . . . The new matter is of 
so viduable a nature that tne volume is now almost entitled to be considered as a distinct work. ' — 
Bell 's Messenger, 

Modem Farming. 

OUTLINES OF MODERN FARMING, By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy— Cattle, Sheep, 
and Horses— Management of the Dairy, Pigs and Poultry— Utilisation of 
Town-Sewage, Irrigation, &c. Sixth Emtion. In One Vol., 1,250 pp., half- 
bound, profusely Illustrated, 125. 

"The aim ofthe author has been to make his work at once comprehensive and trustworthy, 
and in this aim he has succeeded to a degree which entitles him to much credit."— Momitig^ 
Advertiser, 

"Eminently calculated to enlighten the agricultural community on the varied subjects of 
which it treats, and hence it should nnd a place in every farmer's library."— C»Cy Press. 
"No farmer should be without this hooV.."— Banbury Guardian, 

AgHcvltv/ral Engineering. 

THE COMPLETE TEXT-BOOK OF FARM ENGINEERWG. 
Comprising Practical Treatises on Draining and Embanking ; Irrigation and 
Water Supply; Farm Roads, Fences, and Gates; Farm Buildings, Bam 
Implements, and Machines ; Field Implements and Machines ; and Agricul- 
tural Surveying, Levelling, &c. By Prof. John Scott, Editor of the 
Farmers' Gazette, late Professor of Agriculture and Rural Economy at the 
Royal Agricultural College, Cirencester, &c., &c. In One Vol., 1,150 pages, 
wih 600 Illustrations, Z2S. half-bound. {Just published. 

"A copy of this work should be treasured up In every library where the owner thereof is in 
any way connected with land." — Fartn and Home. 

" Written with great care, as well as with knowledge and ability. The author has done bif 
work well ; we have found him a very trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural students, and we have much pleasure in recom- 
mending it." — Mark Lane Express. 

•' For a young agriculturist we know of no handy volume so likely to be more usefully studied.' 
—BelPs Weekly Messenger, 

Amateur Farm,ing. 

THE LESSONS OF MY FARM: A Book for Am;L\K<ix K'^x- 
culturists. Being an Introduction lo ¥aim Vt^ctvc^. "^"^ '^Q«e»:t. ^Sasjorsrt 
Burn, With numerous Illustrations. . ^ .x-«. 
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A TexUBook of English Agriculture* 

THE FIELDS OF GREAT BRFTAIN : A Text-Book dl 
AKiiculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and AdvancM Students. By Hocil Clbments (Bdard dt 
Trade). i8mo, 2S. 6d. cloth. 
*A most cotnprehensire rohime, girin); a mass of \xdanoaAoA,^~-A£riculiurat Ea>iioMist. 

* "It U a long time since we have seen a book which has t>leased us more^ o^ vlncll cdHtaiiiS 
Mich a >ast and useful fund of knowledge."— i:a*i«a>/i;0>i4t/ Times, 

Agricultural I>ata» 

NOTE BOOK of AGRICULTURAL FACTS and FIGUliESi 
for Farmers and Farm Students, By Primrose McCoknell, Fellow of the 
Highland and Agricultural Society: late Profeseor of Agriculture, Glasgow 
Veterinary College. Royal 32mo oolong, leather, with strap, 4s. 

" It is fuU of rery valuahk) infoimation. Fanners' sons and other youths who wisih to becomii 
fanners at home or abroad, might, even before their school education Is completed. beCMoe famiKdt 
%iith the f^icts and figures furnished in this interesting and valuable little DOC^'~-Atenleen Frte 
i*rtss. 

lludson^s Land Valuer's JPocket^Book* 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 
on a very much Improved Plan, for Calculating the Value of Estates. With 
Tables for reducing Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, &c. By R. Hudson, C.E. New Edition. Royal 3smo, leather, gilt 
edges, elastic band, 4s. 

"This new edition includes tables for ascertaining the value of leases for any term of years; 
•nd for showing how to lav out plots of ground of certain acres In forms, square, round, &c., with 
valuable rules for ascertaining the probable worth of standing timber to any amount ; and is of 
Incalculable value to the country gentleman and professional man,"— Farmers yournai, 

E wart's Land Improver's JPocket-Book^ 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULA, 
TABLES and MEMORANDA required in any Comi*utation relating to the 
Permanent Improvement of Landed Property. Bv John Ewart, Land Surveyor 
and Agricultural Engineer. Royal szmo, oblong, leather, gilt edges, with 
elastic oand, 45. 
*' A compendious and handy little vcliame."—^/ectafor. 

Complete AgHcnltural Surveyor's JPocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK. Consisting of the above Two Works bound to- 
gether. Leather, gilt edges, with strap, 75. 6d. 

" We consider Hudson's book to be the best ready-reckoner on matters relating to the valua- 
fon of land and crops we have ever seen, and its combination with Mr. Ewart's work greatly 
ciih.mccs the value and usefulness of the latter-mentioned. . . . It is most useful as a manual 
for reference."— A't^rM qf Ens^aud Farmer. 

Potato Culture. 

POTATOES : How to Grow and Show them, A Practical Guide to 
the Cultivation and General Treatment of the Potato. By James Pink. 
With Illustrations. Second Edition. Crown 8vo, 2S. cloth. 

"A well-written little volume. The author gives good practical instructions under both 
divisions of his subject."— ^^(V»/^wra/ Gazette. 



GARDENING, FLORICULTURE, etc. 

Early Fruits^ Flowers and Vegetables. 

THE FORCING GARDEN : or, How to Grow Early Fruits. 
Flowers, and Vegetables. With Plans, and Estimates for Building Glass- 
houses, Pits and Frames. Containing also Original Plans for Double Glazing, 
a New Method of Growing the Gooseberry under Glass, &c., &c., and on Venti- 
7a<ioiJ, Protecting Vine Borders, &c. With Illustrations. By Samuel Wood. 
Crown 8vo, 3s. 6d. cloth. 
"A good book, and fairly fills a place rtvat was \tk. some As!«iefe"<w3Kv\.. TVv^Vtook is written 
with frreat care, and contains a great deal of va\ua.Ue tcacYCvas. —Gardeners Masaxxne, 

"Mr. Wood's book is an original and cxhausXvve axis^et xo^\v^^M^*vox.'^«^xa^x^^^;»^\^ 
r.v,.;»- viowerssaid Vegetables r "— Z.a«d ««<* Water. 



GARDEl^JNC, PLORtCULTURE, eU. ^X 

Good Gardening, 

A PLAIN GUIDE TO GOOD GARDENING : or, How to Grow 
Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures, 
Seeds, Planting. Laying-out of Gardens and Grounds, &c. By S. Wood. 
With numerous Illustrations. Third Edition. Crown 8vo, 5s. cloth. 
" A very g^ood book, and one to be hig^hly recommended as a practical guide. The practical 

directions are excellent."— ^ /!*<:;«««;«. —-•--..- — 

*• May be recommended to youne srardenSrs, cottagers, and specially to amateurs, for tlie plain. 

simple, and trustworthy information it jfives on common matters too often neglected."— Gardeners 

Chronicle. 

Gainful Garden/ing. 

MULTUM'IN'PARVO GARDENING; or, How to make One 

Acre of Land prodnce £620 a-year by the Cultivation of Fruits and Vegetables ; 

also. How to Grow Flowers in Three Glass Houses, so as to realise £176 per 

annum clear Profit. By Samuel Wood, Author of " Good Gardening," &c. 

Fourth Edition, revised. With Wood Engravings. Crown 8vo, jw. cloth. 

" We are bound to recommend it as not only suited to tlie case of the amateur and gentkmaii's 
gardener, but to the marlcet grovret."— Gardeners' Afaga»ine. 

"Of all the practical guides to the amateur, as well as being invaluable to most gardeners^ Mr 
Wood's book is the most accurate and concise." — HorHcnUural Record, 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateur's Complete Guide, With Illustrations. By Samuel Wood. 
Crown 8vo, 3s. 6J. cloth. 

" This volume contains a good deal of sound, common-sense instruction."— ^/orfi/. 
*' Full of shrewd hints and useful instructions, based on a lifetime of experience."— 5<r<^j;;itf;/. 1 

Receipts for Gardeners* 

GARDEN RECEIPTS. Edited by Charles W. Quin. i2mo, 
IS. 6d. cloth limp. 
" A useful and handy lx)ok, containing a good deal of valuable information."— ^/!A«n«M;/r. 

Kitchen Gardening. 

THE KITCHEN A ND MA RKET GARDEN, By Contributors 
to " The Garden." Compiled by C. W. Shaw, Editor of " Gardening Illus- 
trated." x2mo, 34. 6d. clotn boards. 
" The most valuable compendium of kitchen and market-garden work published."— iF«r;/f^r. 

Cottage Gardening. 

COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables for 
Small Gardens. By E. Hobday, izmo, 15. 6d, cloth limp. 
" Definite instructions as to the cultivation of small gardens."— 5r<'/x;Ma». 
" Contains much useful information at a small charge."— (J/a^^crw Herald. ' 



AUCTIONEERING, ESTATE AGENCY, etc. 

■ - - 

Auctioneer's Assistant. 

THE APPRAISER, A VCTIONEER, BROKER, HOUSE AND 
EST A TE A GENT A ND VAL UER'S POCKET A SSJSTA NT, for the Valua- 
tion for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generallv; with Prices for Inventories, &c. By John Whbbler, 
Valuer, &c. Fifth Edition, Roowritten and greatly Extended by C. N orris, 
Surveyor, Valuer, &c. Royal sziao, 5s. cloth. 

" A neat and concise book of reference^ containing an admirable and dearly-arranged list of 
prices for inventories, and a very practical guide to determine the value of furniture, 8cc."~^tandard 

" Cram full of valuable information of practical value. It is a trustworthy and compendious 
guide to all sorts of valuation."— /«xi<ra«rff AgetU, 

Auctioneering. 

AUCTIONEERS : Their Duties and Liabilities, By Robert 
Squibbs, Auctioneer. Demy 8vo, xos. 6d. cloth. 

" The position and duties of auctioneers a«J treated compendxoM"^^ ^tA Oaa-iyjj T — ^B\«.xW*r . 
"Every auctioneer ought to possess a copy of this CTK.cc>\«nJf«ot>tr— Ironvnonstv. 
"Orgreatraiue to the profession. . , . "We T«ad\\7'wtaROTnft^"i>a««^«^--^'*«'***^^ 



U CROSBY LOCKWXHjD 6- CO.* S CATALOGUE. 
lioHse Property^ 

HANDBOOK OF HOUSE PROPERTY : A Popular and PraOutl 
GmuIt to tfu Punkmu, Mortgag§, Tenancy, and Compvltoty Sale of House$ tad 
Land. By E. L. Tarbuck, Architect and Surveyor. Third Edition, xanob 
3s. 6J. cloth. 

••The aJrice is thoroughly prmctlcaL"— low y<mmat. 

** Thn n a weD-writtrn and thoughtful work. We commend the work to the carefiil study of al 
IBtaresiad ia ipieitioni affecting hoiuet and bud."— iLMutf Agents Record» 

Inwood'8 Estate Tables. 

TABLES FOR THE PURCHASING OF ESTATES, Freehold, 
Copyhold, or Leauhold; Annuities, Advowsons,&c.,Sind for the Renewing of 
LeaMs held under Cathedral Churches, Colleges, or other Corporate bodies, 
for Terms of Years certain, and for Lives \ also for Valuing Reversionary 
Kstates, Deferred Annuities, Next Presentations, &c. : together with Smart's 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Rates. By W. Inwood. 82nd Edition, with considerable 
Additions, and new and valuable Tables of Logarithms for the more Difficult 
Computations of the Interest of Money, Discount, Annuities, &c., by M. Fsdor 
Thoman, of the Soci^t^ Credit Mobilier of Paris, xamo, 8s. cloth. 

"Those Interested in the purchase and sale of estates, and in the adjustment of compensatkia 
I a4r\ »% wcU a« in transactions in annuities, life insurances &c.« vill fiud the present editioo of 
cminrnt wiviie." — J: M£ ttieeriftx', 

" ' Inw(i«Nl n Tabks ' stiO mamtain a most enriabte reputation. The new issue has been enriched 
tiy larffe aililitional cuntrilialions by M. Fcdor Thoman, whose carefull}- arranged Tables caoool 
fail tu lie of the utmost utUity."— Jtfi>iiM||' youmal. 

How to Invest* 

HINTS FOR INVESTORS : Being an Explanation of the Mode 
; of Transacting Business on the Stock Exchange. To which are added Com- 
ments on the Fluctuations and Table of Quarterly Average prices of Consols 
since 1750. Also a Copy of the London Daily Stock and Share List. By 
Walter M. Playford, Sworn Broker. Crown 8vo, w. cloth. 

"A dearly-wrkten liook, by one who evidently knows the sort of information which tbe 
Investor is likely to want."— Z,/«iyrf'j A'ews. 

"An invaluable guide to hivestors and speculators."— J?M//fV>ffij/'. 

A Complete Epitome of the Latvs of this Country • 

EVERY MAN'S OWN LAWYER-, A Handy-book of the 
Principles of Law and Equity. By A Barrister. Twenty-second Edition. 
Carefully revised and brought down to the end of the last Session, including 
Summaries of the Latest Statute Laws. With Notes and References to the 
Authorities. Crown 8vo, price 65. %d. (saved at every consultation), strongly 
bound in cloth. 

Comprisinsr THE RIGHTS AND WRONGS OP INDIVIDUALS— MSRCANTILB AND COM- 
MBRCIAL Law— CRIMINAL LAW— PARISH LAW— COUNTY COURT LAW— GAME AND 

Fishery Laws— Poor Men's Lawsuits— The Laws of Bankruptcy— Bets and 
Wagers— Cheques, Hills, and notes— Contracts and Agreements— copyright 

—ELECTIONS and REGISTRATION— INSURANCE— LIBBL AND SLANDER— NLAKRIAGE AND 

Divorce- MERCHANT Shipping— Mortgages- Settlements— Stock Exchange 
Practice— Trade Marks and Patents— Trespass— Nuisances, &&- Transfer of 
Land. &c.— Warranty— Wills and agreements, &c. &c 

Also, Law for Landlord and Tenant— Master and Servant- Workmen and Apprentices— Heirs 
—Devisees and Legratces— Husband and Wife— Executors and Trustees— Guardian and Ward- 
Married Women and Infants— Partners and Agents— Lender, Borrower and Sureties — Debtor and 
Cre<litor— Purchaser and Vendor— Companies and Associations— Friendly Societies— Clergymen- 
Churchwardens— Medical Practitioners &c.— Bankers— Fanners — Contractors — Stock and Share 
Brokers — Sportsmen — Gamekeepers— Farriers and Horse Dealers — Auctioneers — House Agents- 
Innkeepers, &c.— Bakers— Millers, &c.— Pawnbrokers— Surveyors— Railways and Carrierv-Con- 
stables— Seamen— Soldiers, &c. &c. 

Opinions of the Press. 

" No Englishman ought to be "without this book. . . . Any person perfectly uninformed on 
legal matters, who may require sound information on unknown law points, will, by reference to this 
book, acquire the necessary information, and thus on many occasions save tbe expense and loss of 
time of a visit to a lawyer.— Engineer. 

"It is a complete code of English Law, written in plain language, which all can understand. . 
. . . Should be in the hands of every business man, and all who wish to abolish lawyers' bills. "— 
M^eekfy Times, 

"A useful and concise epitome of the law, compiled with considerable care."— ^Zixw Magazine, 

" What it professes to be— a complete epViome 61 Wxe \a.via ol \\\vs c»xnxx>i, thoroughly intelli* 

in'ble to non-professional readers. The book \s ahandy one to Y«.>»*mT«^«»a«*^\«». vw»Vs»tt, 

point requires ready solution."— Belf s Life. 

jT OODliN AND CO., PRlHi^iir 17». ^•^- 1^^^ ^t««.t, %.C. 
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LONDON, 1862. 
THE PRIZE MEDAL, 

"WEALE'S SERIES." 

A NEW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SCIENTIFIC, EDUCATIONAL, 
AND CLASSICAL. 



defiortnuni q/Sc fft 





Sr " WEALE'S SERIES includes Teif-Books On almost every branch o[ 

mce and Industry, comprising such subjects as Agriculture. Architecture 
Building. Civil Engineering, Fine Arts, Mechanice uid Mechanical 
_ineeriag. Physical and Chemical Science, and maEy miscellaneous 
Treatises. The whole are constautiy undergoing revision, uid new editions, 
brought up to tha latest discoveriea in Ecientilia research, are constantly 
issued. The prices at which they are sold are as low as Iheir DicsUence is 

ired."— American Literary Gaietti. 

Amongst the literature of technical education, Weale's Behiss has ever 
enioyed a high Tcputation, and the additions being made by Messrs. Crosby 
LOCKWOOD & Co. render the series even more complete, and bring the infor- 
mation upon the several subjecls down to the present time." — Mining 

" It is not too much to say that no books have ever proved more popular 
I, or mote useful to, young engineers and others than the eioollent 
tises comprised in Wkai.e'S SZit\!lS."—Enginier. 

The excellence of Weale's Series is now so well appreciated, that it 
id ba wasting our space to enlarge upon their general usefulness and 




PHILADELPHIA, 1876. 
THE PRIZE MEDAL 



Books ; Rudimentary, Scientific, 
"WEALE'S SEHIES," ETC. 

CROSBY LOCKVJOOtJ &. C.'^.^ 

J, STATIONSRS' HALL COURT, LUQGN-TS. ■RV\A., ^JSSWS^-. ' 
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CIVIL ENGINEERING, SURVEYING, ETC. 

.' WELLS AND WBLL-SINKIKG. By JnsN Geo, Swindbli, 
'-■■■■ ud G. K. BunMU, C.E. Revifrf Edition. Witb ■ Hii. 

35. 77/^ BLASTING AND QUARRYING OF STONB, foi 

BDlldliii ud olber Partifm. Witt REmarki on the Blo<rice op of Brides 
B. Gen. SirlOBS BufionvT.*, Bart.. K.C.B. Illnittiited. is. Sd. 
«. TUBULAR, AND OTHER iRON GIRDER BRlDGES-pa- 
licBlulT ducrihiDK Ilia BritaonU sod Conway Tubular BridE». Br G, 

44. FOUNDATIONS AND CONCRETE WORKS, wtlh PracBial 

Kemuki: dh Footinn, Saod, Concrote, B6toR, File-driFiag, Csiswmi, uA 

CaffETdami, Ac. Bv^. Dobsoh. Fifth Edition, if. ad. 

60. LAND AND ENGINEERING SURVEYING. By T. Baker, 

C.E. New Edition, tnitedbTEDWinnNtiaiKT, C.E. ii.t 

8o», EMBANKING LANDS FROM THE SEA. With eiampks 

and Particulanofachial Bmhankmmei.ae. By J. Wiggims, F.G.S n 

81. WA7ER WORKS, for the Supply of Cities and Towns. With 

a DemiptloB of ttaa Principal GcDloeical Formatlii" if F....1.M.1 ... 1... 

flUEnclDeSnnpliei of Water ; andOeUilsof Eniriiisiu 

tor miioe Water. By SavuslHuohis. F.G5., C.E. New"E, 

118. CIVIL ENGINEERING IN NORTH AMERICA, 

of. ByDAvtn Stbyinboh, F.R.S.E., tc. Platei and Diaeronis. » 
167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. BtFmkchCampin, C.B. >i. 6d.t 
197. ROADS AND STREETS {THE CONSTRUCTION OF) 
By Hasiv L*w, C.E., nrnwd and enlaiRed by D. K. CLiim, C.E.. -- -'- '^- - 



ElEtio 



VILLAGKS. By C. Slaqo, A.M.T.C.E. Rsviied Edition. t!,,» 
an. GAS-WORKS. THEIR CONSTRUCTION AND ARRANGE- 
MENT-, and the Manufactnto and Distribution of Coal Gas. OriHnally 

RicHARoa, C.E. Seventh Ed'ition.'wIth'iBpoiIaot addttio'n^ Ss-^Cd-l""'" 
313. PIONEER ENGINEERING. A Treaase oti the EnEinJerine 

OperaHoni connected with the Snttlement of Waste Lands in NdW Coun- 
trfc.. By Ei>W:tRn DoBSOK, Amqc. laBt. C.E. ^.fA.% 

IB16. MATERIALS AND CONSTRUCTION; A TheoreHcal ud 
Practical Treatise on ths Strains, DoiigniHE, and F.rpctien of Worki ofCoD- 
Hrndioii. ByFlAHCisCAMriN, C.E. Second Edition, roviied. ui 
■«I9. CIVIL ENGINEERING. By Hknhy Law, M.Insi. C.E. 
Including Hydkauuc Enhinibbikq by Gio. R. Bi.-kh»t.l, M.Init. C.E. 
Serentb Edition, rnviird, with large ailditians by D. Kitmsiiii Cuait, 
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MECHANICAL ENGINEERING, ETC. 

33, CRANES, the Construction of, and other Machinery for Raising 

Heavy Bodies. By Joseph Glynn, F.R.S. Illustrated, zs. 6d. 

34. THE STEAM ENGINE. By Dr. Lardnkr. Illustrated, is. 6d. 

59. STEAM BOILERS : their Construction and Management. By 
R. Armstrong, C.E. Illustrated, is. 6d. 

82. THE POWER OF WATER, as applied to drive Flour MiUs, 
and to give motion to Turbines, 8cc. By Joseph Glynn, F.R.S. as.J 

98. PRACTICAL MECHANISM, the Elements of; and Machine 
Tools. By T. Baker, C.E. With Additions by J. Nasmyth, C.E. 2s. A 

139. THE STEAM ENGINE, a Treatise on the Mathematical Thcorj 
of, with Rules and Examples for Practical Men. By T. Baker, C.E. zs. 6d 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dreds'ing Machines, 
Bridges, Cranes, Sbip'building, &c., &c. ByJ. G. Winton. Illustrated. 3s.t 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. 2s. 6d4 

166. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. ByJ. Armour, 2s.6d.t 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. ByJ. Maxton. 5th Edn. With 7 Plates and 350 Cuts. 38. 6d.t 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. By John Sewbll and D. K. Clark, M.I.C.E. 38. 6d.t 
200. FUEL, its Combustion and Economy. By C. W. Williams, 

With Recent Practice in the Combustion and Economy of Fuel — Coal, Coke, 
Wood, Peat, Petroleum, &c. — by D. K. Clark, M.I.C.E. 3s. 6d.t 

202. LOCOMOTIVE ENGINES, By G. D. Dempsey, C.E. ; with 
large additions by D. Kinnear Clark, M.I.C.E. 3s.t 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tern- 
plating, and Calculating Boiler and Tank Work. By John Courtney, 
Practical Boiler Maker. Edited by D.K. Clark, C.E. zoo Illustrations. 2s. 

217. SEWING MACHINERY : Its Constraction, History, &c., with 
full Technical Directions for Adjusting, 8cc. By J. W. Urquhart, C.E. 2s. t 

223. MECHANICAL ENGINEERING. Comprising Metallurgy, 
. Moulding, Casting, Forging, Tools, Workshop Machinery, Manufacture of 
the Steam Engine, 8cc. By Francis Cahpin, C.E. 2s. 6a.1: 

236. DETAILS OF MACHINERY. Comprising Instructions for 

the Execution of various Works in Iron. By Francis Campin, C.E. 33.$ 

237. THE SMITHY AND FORGE; including the Farrier's Art and 

Coach Smithing. By W, J. E. Crane. Illustrated. 2s. 6d.t 

238. THE SHEET-METAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, &c. With 94 Diagrams and 
Working Patterns. By W. J. E. Crane, is. 6d. 

251. STEAM AND MACHINERY MANAGEMENT : with HinU 
on Construction and Selection. By M. Powis Bale, M.I.M.E. 2s. 6d.t 

254. THE BOILERMAKER'S READY-RECKONER. With Ex- 

amples of Practical Geometry and Templating. By John CouRXNEy. 
Edited by D. K. Clark, M.Inst.C.E. 4s., limp; 53., half-bound. 

255. LOCOMOTIVE ENGINE-DRIVING. A Practical Manual for 

Engfineers in charge of Locomotive Engines. By Michael Reynolds, M.S.E. 
Seventh Edition. 3s. 6d., limp; 4s. 6a. cloth boards. [Just published. 

256. STATION AR Y ENGINE-DRIVING. A Practical Manual for 

Engineers in charge of Stationary Engines. By Michael Reynolds, M.S.E. 
Third Edition. 3s. 6d. limp ; 4s. 6d. cloth boards. \Jtist published. 



The % indicates thai these vols, may be had strongly bottrid at ^iA. ex tTo.. 
7, stationers' hall COtJILT, L^JTiOkt^ ^VLX., ^-^ 



WEALX*S RUDDIXNTARY SIRISS. 



MINING, METALLURGY, £TG. 

4. MilSERALOGY^ Rndimeiits of; a concise AHew of the General 

Pr?;w.rt:M of Minerals. By A. Ramsat, F.G.S., FJt.G.S.. &c. Third 
Edition, rerised and enlarged. Illnstrated. 3s. 6d.t \yust published. 1 

117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise oo, with and without the Mafnetic Needle. By Thomas Fbnwick, 
Sarrryor of Mines, and Thomas Baker, CJE. ninstraOed. as. 6d.t 

I J3. METALLURGY OF COPPER ; an Introdnction to the Methods 
of S^ckinf , Mining, and Assavinf Cc^per, and Mannfacturing its Alloys. 
Bt Robert H. Lamborn. Fh.O. Wooacnts. 2s. 6d.t 

IJ5. ELECTRO-METALLURGY; PracticaUy Treated. By Alex- 
AKDBR Watt, F.R.S.S^. Eighth Edition, revised, with additional Matter 
and Illostrations, including the most recent Processes. 3s.t 

I71, MINING TOOLS, Manual of. For the Use of Mine Managers, 
Acenu, Students, flu;. By Wiluam Morgams. ss. 6d.t 

71*. MINING TOOLS, ATLAS of Engravings to Illustrate the above, 

containinf 335 Illustrations, drawn to Scale. 4to. 4s. 6d. ; cloth boards, 6$. 
176. METALLURGY OF IRON. Containmg History of Iron Manu- 
facture. Methods of Assay, and Analyves of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman, F.G.S. Fifth Edition, 
revised and enlarged. 5s.t 

180. COAL AND COAL MINING. By Warington W. Smyth, 

M.A., F.R.S. Sixth Edition, revised. 3S.6d.t \yusi published, 

195. THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing Min«al 
Properties. By William Lixtern, Mining and Civil Engineer. 3s. 6d4 

214. SLATE AND SLATE ^CM^^y/A^(7, Scientific, Practical, and 
Commercial. By D. C. Davies, F.G.S., Mining Engineer, &c. 3s.t 

«20. MAGNETIC SURVEYING, AND ANGULAR SURVEY- 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from the Results of carefully made Experiments. By W. Lintbrn. as. 



ARCHITECTURE, BUILDING, ETC. 

16. ARCHI7ECTURE— ORDERS— Tht Orders and their -SIsthetic 

Principles. By W. H. Leeds. Illustrated, is. 6d. 

17. ARCHITECTURE—STYLES— T\kQ History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bc7rt, F.R.I.B.A., &c. Illustrated. 2S. 
•»* Orders and Styles of Architecture, tn One Vol,, 3*. 6d. 

18. ARCHITECTURE— DESIGN— Th^ Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 

Greek and Gothic Architects. By E.L.Garbett, Architect. Illustrated. 2s.6d. 

•#• The three preceding Worhs, in One handsome Vol., half bound, entitled 

" Modern Architecture," frice 6*. 

22. THE ART OF BUILDING, Rudiments of. General Principles 
of Construction, Materials used in Building, Strength and Use of Matenals, 
Working Drawings, Specifications, and Estimates. By E. Dobson, z&.X 

25. MASONRY AND STONE CUTTING : Rudimentary Treatise 
on the Principles of Masonic Projection and their application to Con- 
struction. By Edward Dobson, M.R.I.BJL, &c. as. 6a.t 

42. COTTAGE BUILDING. By C. Bruce Allen, Architect 

Ninth Edition, revised and enlarged. Numerous Illustrations, is. 6d. 
4$. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, 8cc. By G.'R.B\3iaa«ii-,C.^. Twelfth Edition, is. 6d. 



The X indicates that these vols, may he had strongly bound at^. txtru. 
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Architecture, Building, etc., continued, 

57. WARMING AND VENTILATION An Expositioii of the 
General Principles as applied to Domestic' and Public Buildings. Mines, 
Lighthouses, Ships, &c. By C. Tomlinson, F.R.S., &c. lUustratea. 3s. 

III. ARCHES, PIERS, BUTTRESSES, ^c: Experimental Essays 
CD the Principles of Construction. By W. Bland. Illustrated, is. 6d. « 

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 

Principles of the Science of Sound applied to the purposes of the^rchitect and 
Builder. By T. Roger Smith, M.K.I.B.A., Architect. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO, In Ten Books. Translated from the Latin by 
JosBPH GwiLT, F.S.A., F.R.A.S. With 23 Plates. 5s. 

13a GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Axt ia 
Greece. By the Earl of Aberdeen, is. 
*•* Th€ two preceding Worki in One handsome VoL, half bound, eniitled "Ascam 

132. THE ERECTION OF DWELLING-HOUSES. Illustrated by 
a Perspective View, Plans, Elevations^ and Sections of a pair of Semi- 
detached Villas, with the Specification, Quantities, and Estimates, &c. By 
S. H. Brooks. New Edition, with Plates, as. 6d.l 

156. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers*, Masons', Plasterers', Plumbers'. Painters', Paper- 
hangers', Gilders', Smiths', .Carpenters', and Joiners' Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. lUus. is. 6d. 

175. LOCKWOOD 6* CO:S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest Prices of all kinds of Builders' Materials 
and Labour, and of all Trades connected with Building, &c., &c. Edited 
by F.;T. W. Miller, Architect. Published annually. 3s. 6d. ; half bound, 4s. 

182. CARPENTRY AND JOINERY— "IniL Elementary Pmn- 

ciPLBS OF Carpentry.- ^ Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With Additions, Alterations, and Corrections 
from the Works of the most Recent Authorities, and a TREATISE ON 
JOINERY by E. Wyndham Tarn, MJl. Fourth Edition, Revised and 
extended, with numerous Illustrations. 3s. 6d.t \,Jusi published. 

182*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 6s. ; cloth, 7s. 6d. 
185. THE COMPLETE MEASURER ; the Measurement of Boards, 
Glass. &c. ; Unequal-sided, Square-sided, Octagonal-sided, Round Timber 
and Stone, and Standing Timber, &c. By Richard Horton. Fifth 
Edition. 4s. ; strongly bound in leather, 5s. 

187. HINTS TO YOUNG ARCHITECTS. By G. WiGHTWiCK. 

New Edition. By G. H. Guillauhb. Illustrated. 3s. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : a Practical Manual of, with a Course of Elementary Drawing 
for House-Painters, Sign- Writers, &c., and a Collection of Useful Receipts. 
By Elus a. Davidson. Fourth Edition. With Coloured Plates. 5s. dtoth 
limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles ; Arch Drawing, Cutting, and Setting » 
Pointing; Paving, Tiling, Materials; Slating ana Plastennpf; Practical 
Geometry, Mensuration, &c. By Adam Hammond. Fifth Edition, is. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 
the Plumber. With Chapters upon House Drainage. Fourth Edition. 
With 330 Illustrations. By W. P. Buchan. 3s. 6d.t 

The X indicates that these vols, may be had strongly boun d ai^A. exVrtv^ 

J, stationers' hall co\xeci:, "iaxi^^k^^ ^ex\^> ^'Su 



WXAI.e'S RtlDIUeNTAItY SBRIES. 



^1 ArchlUclure, Building, etc, (onlinutd. ^> | 

■ l)M> T/IB TIMBER litPORTBR'S, TIMBER MERCHANTS, 
K ud HDILDEIl'S STANDARD GUIDE. By RlciuRn E, Gbakdi. 

■ Srcan J Ediliiw, Rtmvd. j>.| 

■ Mb. A BOOK ON BUILDING, Cml and EccUsiastical, indading 
H Chuich RimaiU'tTO!'; 'WHb Ibe Tbrery of Dnmu andlbe Great Pyramid. 

•t. BrSirEDii(nn.Iln:KnT,&art..LL.b.,Q.C.,F.R.A.S. «!. 6d.J 
■>G. THE JOINTS MADE AND USED BY BUILDERS in the 

Coitttmctlcm «r wioni ktBdvDf Fnginnnn^Bnd Art:hit«ctural Wotki. B« 

W*viu.7.CnuttT,AicIiit«t. With DpwardiofiteEagravinjxoD Wood 11 1 
m8. the construction of roofs of IfOOD AND iron 

Br K. Wm»iAilT«iui,U.A., 'AKhi'tcCTSecDiidEditioii, Teviscd i, M 
•39. ELEMENTARY DECORATION: as applied to the lalerior 

■nd Kittriar DKonHon of DmUing-KniiKs, Sc. By J amss W. Facbt. Ton. 

lltiHlnilcdwMiSiitr-»gtat;iplanatorT£nErATiaga. «. 
130. MANDRAILING [A Practical TreaCisGon), Shoning New and 



I 
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«47. BUILDING ESTA TES : a Rudimentary Treatise on the Develop- 



IB f^armatiim of StrefU and Sewsn, and tha KequJre 



I^nd 11 



348. PORTLAND CEMENT FOR USERS. By Henry Faita 
AuDc. M. Init. C.B. Sieond Edicioa, conucted. BlustiatEd. a. 

aji. BRICKWORK : a Practical Treatise, embodying the General 
■ad Higher PrinciplM^ of Bricklaying, Cnttipg and SettiBif, fte. H» P. 
Walxiii, Certi6cated by the Science and Art DepartmeDt in Buildlnc Con- 
Rmctloa, Sdlid GsDmelrv, >c. ». fid. 

KI.TIIE TIMBER MERCHANT'S, SASV-MIIlLER'S, AND 
IMPORTER'S ERETGHT-BOOK AND ASSISTANT. BrWif. Rich. 
AnDSOTi. Wilh a Chapter on Speed, of Saw-Mill Machinery, »c. B, 
M. PoiTis B*i.B,A.M.In,(.C.E.,anJ a Lodflon Price UbI f^rTmber and 
DeslSa-iaE, «d.,.8S,. j..t [?"rtjt«««Afrf. 



SHIPBUILDING, NAVIGATION, MARINE 
ENGINEERING, ETC. 
51. NAVAL ARCHITECTURE. An Exposition of IheElcmenlaiv 
Frinciplei of the Science, and their Practical Application 10 Naval Constiai> 
tlon. HyJ. Pkaki. Fifth Edition, with PlalM and Diagrania. jj, 6d4 
J3». SHIPS FOR OCEAN AND RIVER SERVICE, Elementary 
and PraclicBl Principles of Ihe Conitcnctinn of. By H. A. SoimniHi'iLDT, 
Stlrreyor of the Royal Nomegi.an Navy. With an Appendit. r«. 6d. 

S3"*. AN ATLAS OP ENGRAVINGS to diialiate the above. Twelve 
large folding plaloi. Royal 4to, cloth. 71. 6d. 
54. MASTING, MAST.MAKING. AND RIGGING OF SHIPS, 
Rudiments™ TiraliM on. Also Tabloi of Sparj, Rieging, Block.: Chain, 
"Wire, and Homp Ropes, ac„ relative to opeiy dsBS of vouels. By Ronflar 
KippiNQ. NJV. Ififictidlt Edition. Illustrated. .s.J ' 

. 54". IRON SHIPBUILDING. With PracticsJ Examples and DeWls 
for Ibe Use of Ship Owners and Ship Builders. By Johb Gkahthah, Con- 
sulting Engineer and Naval Aichilect. jth Edition, nith Addition.. 41. 

S4«». AN ATLAS OF FORTY PLATES to Ulustrate the above. 

S^, THE SAILOR'S SEA BOOK: a Riidimenfaty Treatise on 
Nsvigitioo. By Jambs Grbbnwooh, B.A. 'Wilh nv- ■". . . 
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weale's rudimentary series. 



Shipbuilding, Navigation, Marine Engineering, etc., eont. 

%lhis. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles regulating Shipbuilding. By W. 
Bland. Seventh Edition, revised, with numerous Illustrations and Models.is.6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. By Prof. J. R. Young. New Edition. 2s. 6d. 

106. SHIPS' ANCHORS, a Treatise on. By G. Cotsell, N.A. is. 6d. 

149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting, and the Centre of ££Port of the Sails. Also, Weights 
and Sizes of Ropes : Masting, Rigging, and Sails of Steam Vessels. &c., 8rc. 
Eleventh Edition. ByRoBBRTKiPPiNO, N.A«, Sailmaker. Illustratea. 2S.6d.t 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 
F. McCarthy, late of the Ordnance Survey Office, Southampton. 3s. 

55 PRACTICAL NAVIGATION Consisting of The Sailor's 

^ Sea-Book. By James Greenwood and W. H. Rossbr. Toother with 

^-.. the requisite Mathematical and Nautical Tables for the Working of the 

Z04. Problems, py Henry Law, C.E., and Professor J. R. Young. With 

aumerous Wood Engravings and Coloured Plates. 7s. Strongly half-bound. 



AGRICULTURE, GARDENING, ETC. 

6i». A COMPLETE READY RECKONER FOR THE AD ME A^ 

SUREMENT OF LAND, «tc. By A. Arman. Second Edition, revised 
and extended by C. Norris, Surveyor, Valuer, &c. 2s. 

131. MILLER'S, MERCHANTS, AND FARMER'S READY 
RECKONER. With approximate values of Millstones, Millwork, &c. xs. 

140. SOILS, MANURES, AND CROPS, (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING &* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outlines of Modern Farming.) ByR. Scott Burn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES, (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts, as. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outunes 
OF Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outlines of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 
*jj* Noa. 140-1-2-S-6, tn One Vol. ^ handsomely half-bound^ entitled " Outunbs of 
Modern Farming." By Robert Scott Burn. Price 12s, 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Breuil. Revised by Geo. Glbnny. 187 Woodcuts. 3s. 6d.t 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C» &c. Fourth Edition, 
enlarged, includingf Specimens of New and Improved Breeds. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY. By George M. F. 

Glenny. Illustrated, xs. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organic 

zaiion of Farm. Labour: Treating of the General Work of the Farm ; Field 
and Live Stock ; Contract Work ; Labour, &c. By R. Scott Burn. 2s. 6d.t 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Methods of Farming, Farm Buildings, 
Irrigation, Drainage, &c. By R. Scoit Burn. as. 6d.$ 

%• Nos, 207 6- 208 in One Vol., handsomely half-bound^ entitled " Oittlines of 
Landed Estates and Farm Management." By R. Scott Burn. PWct^. 

§S^ The % indicates that these vols, may he had stro ngly bound at <aA. exVra.> 
7, STATTONERS' HALL COt3KT> V.\JY>OKt^ ^BS\A*x "^"^^ 
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WEALK S RUDIMSHTARY 8ERISS. 

Agrlculturo, Gardoning, etc., continued. 
•oo. TME TREE PLANTER AND PLANT PROPAGATOR. 
X I>nrtiral Manul on the PropaEUion oF FonM Trcn, Fruit Ties, 
FIomsriDC Shiobi, Flooorioe Plm". »c. By Sauuii. Wooq. a.t 
llo. THE TREE PRUNER. A Practical Manual on the Pruning o[ 
Fruit TnM.mcludioe aJto their TrainiDgiud Renovation! a]>o the Piunine 
ofShnibi. Cliabm, judFloxeriDgl'UDti. Bj Sakuel Wood, ii^ 
V 'Vm. acq ^ iio (■ Ow fel., kaiuliomrly kalf-laund. tnlilltd "Tm Tmi 

PUIIIH, PlOPUAIOl, AHO PHUNKII." Bf SaH DEI. WOOD. Pricey. 

SiS. 7W£ /f-J r ^;VB 57»-4 W MEASURER .- Being New Title* 
far llw Cm of AuclionMn. Valaeii, FAnneti, H»j aad Skau Dcalm. Sc. 
ByJoiisSimEU. Fou.Ih EJilioo. u. 

ajl. SUBURBAN FARMING. The Laying-oat and Cultivation of 
Fimii. AdaptsJ la the Prodace of Miik, Bultm-, and Cbfeie, Eggi. Fouliry, 
»nd P.n. By Ptof, John Donaldson and R. Scott Busn. 3,. 6d.t 

131. 

aiJ, COTTAGE GARDENING ; or, Flowets, Fniiti, and Vegetables 

forSniiilir.atdeDt. By E. Hobday. 11. M. 
iii- GARDEN RECEIPTS, Edited by Chasles W. Qnm. iB.6d. 
Xl\. THE KITCHEN AND MARKET GARDEN. Compaed 

br C.W. Sbaw, Editor of "Gurdming Eluitrattd." ji.t 
■39. DRAINING AND EMBANKING. A Practical Treatise, em- 

By John Scott, late ProfeuDr of Agriculturs and Raral ^conaniT at lbs 
Royal Agiicul local CoUsgi, Cind cuter. Withea Ulanrationi. 19. 6d. 

140. IRRIGATION AND ft^ATER SUPPLY, ATrealise on Water 
Meadowi, Sowage Itrigation, Warpine, ac. ; on th« Conslruclioa of Welli, 
Pondi.ud ReicrToin; and on Riiiiftie Water by Machinny Ibr Ani cul- 
tural and DomotlicPoipowi, By Prof. John Scott. Wiib j* lllni. «. fid. 

341. FARM ROADS, FENCES, AND GATES. A Practical 
Treaties oa the Roadi, Trauwayi, and Wateiwayi of ths Farm : tbe 
Principlo of Encloiacei; and ths diSEient kinds of Fencei, Gatu, and 
Stilu. By PtofeuorJOBK Scott. With 75 niustratioDi. is. Gd. 

I4J, FARM BUILDINGS. A Practical Treatise on the Buildines 

DSF«»ry for varioa. kind, of Farml, tbr.r ArrangBneTit and Construction, 
Indnding Plana and EilinalM. By Prof. Jotis Scott. With 105 lUm, a. 
143. BARN IMPLEMENTS AND MACHINES. A Practical 
Tioaliinon tbe Application of Power to lie Opeiation! of Agriculturo; and 
on variouiMachinBiuiedinlfaBThresbing-barn, inlheStoc!c-yanl,andintbs 
Dairy, *c. By Prof. J. Scott. With uj 111 uKialions. is. 

344, FIELD IMPLEMENTS AND MACHINES. A Practical 

Treati.0 on tbe Varietiei now in ate, witb Priociplei and Details of Con- 

■tmclioa, their Points of Eicellence, and Management. By Professor JoHK 

Scott. Witfa 13B Illnitiaiioni. as. '' 

Hi. AGRICULTURAL SURVEYING. A Practical Treatise on 

Land Surreying, Lwolling, and Setting-onljand on Measuug and Kitt. 

By PwflyoM' s'o3TT.''Vitii 6j Illii'naikns. \T.'fiA.' "" °"' ' ■ "^ 

V A'M. «]9 '" »45 '•■ One Vtl.,ha»d,om,I, half -fmnd4nliH,d"tn COMPtnt 

T»rr-Boo< 01 Fa.11 EsoiNainiNS." By Professor John Scott. .Pni, ,a.. 
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WEALS'S RUDIMENTARY SERIES. 



MATHEMATICS, ARITHMETIC, ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

their Construction and the Methods of Testing, Adjusting, and Usinsf them 

are concisely Explained. ^ By T. F. Heather, M.A.. of the Royal Military 

Academy, Woolwich. Originau Edition, in i vol.. Illustrated, is. 6d. 

•</* In orderingtke above, be careful to say^ " Original Edition " {No. 32), lo tHsfin- 

guish it front the Enlarged Edition in 3 vols, {Nos, 168-9-70.) 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted m>m the French of 
G. MoNGE. To which is added, a description of the Principles and Practice 
of Isometrical Projection. By J. F. Heather, M.A. Witn 14 Plates. 2s* 

178. PRACTICAL PLANE GEOMETRY: givmg the Simplest 
Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts, as. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs Haddom, 
M.A., Arithmetical Master of Sling's College School, London, zs. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J. R. Youno. Tenth Edition, corrected, is. 6d. 
84*. A Key to the above^ontaining Solutions in full to tiie Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use .of 
Teachers and Unassisted Learners. By J. R. Youno. is. 6d. 

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest, 

Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatly facilitated. By W. Hifslby. as. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra. 2s.. 
86*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By J. R. Young, is. 6d. 

88. EUCLID f The Elements of : witii many additional Propositions 

89, and Explanatory Notes : to which is prefixed, an Introductoxy Essay on 
Logic. By Henry Law, CX. as. 6d4 

•»• Sold also separately, viz* .• — 

88. Euclid, The First Three Books. By Henry Law, C.E. is. 6d. 

89. EucuD, Books 4, 5, 6, xx, 12. By Henry Law, C.E. zs. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By James Hann. A New Edition, by Professor J. R. Youno. 2s.$ 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, zs. 6d. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By James 

Hann. Revised by Charles H. Dowlino, C.E. zs. 
%• Or with " The Elements of Plane Trigonometry !' in One Volume, 2*. 6d. 

93. MENSURATION AND MEASURING. With the Mensuration 

and Levelling of Land for the Purposes of Modem Engineering. 'By T. 

Baker, C JS. New Edition by E. Nugent, C.E. Illustrated, zs. 6d. 
loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOUSB. F.R.A.S., &c. zs. 6d. 
102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

SoMBRSHAM Cox, B.A. Illustrated, zs. 

105. MNEMONICAL LESSONS. — Gboubtky, Algebra, and 
.Trigonometry, in Easy Mnemonical Lessons. By the Rev. Tho&ias 

P»NYMGTOM KirKHAN, M JV.. ZS. 6d. 

136. ARITHMETIC, Rudimentaiy, for the Use of Schools and Sdf- 

Instmedon. By Jambs Haddon, MJV.. Revised by A. Arman. zs. 6d. 
Iff. A KiY TO Haddon's Rudimentary Arithmetic. By A. Armaj&^ -v^^^A^ 



The t indimhs thmi thest vok. may U had tironsr lt bou,nd at <A> %3cVro.^ 
^, gTATIONZRI^ HALL COUKT, "UQWiKtl. '«X\:^i ^*^- 



VtALK's RUDIMKNTART SERTES. 



■liatheraatlca, Aritbinetlc, etc., c.^minued. 

M |6S. DRAWING AND HEASURING INSTRUMENTS. 

H uS~lii Ike CoiulTDCtisD, Copyint, and MeasnrcncDt of Maps 

V Arllhnaticd CanpiitatiDnt. % jTiThiatiiik. U^. Illnstraleif. 
■ i6q. Oi ..... 



I6q. OPTICAL INSTKUMENTS. Inclnding (more especiaUy) Tele- 
Konf, HicFoacoHi, and AppajataiforproddcinflrcotncsorManB ondFIanr 
br Pholoinsh*. Br J. F. HlAIHSB, MjV. lllnnrated. 1B.S. 

170. SURVBYING AND ASTRONOMICAL INSTRUMENTS. 
Ipcludinr^r tnJtrnineDta Hied far Deterrniaiu^ the Geametricol FpaEtircB 
ofapoitioaaf Ground. II. IflitmmentsEmplDy^ b AstrononicalObEerva- 
t!oni. U«J. F. HuTnM, M.A. Illuitrated. 11, Gd. 

•• Hatirmatial Intrvmmti." {Sa Na.ni-*^ Stria.] "" 

^^•.MATHEMATICAL INSTRUMENTS. By J. F. Heatbkh, 
■69. t UJl. BnluTCdEdiliDn.lortlismDit paiteatirclr'n-wriltRi. The 3 Partial 
I^.J kbove, in One thick Volume. With DnRieroui Illnitiatioiu. ji.ed.l 
158. THE SLIDE RULE, AND HOiV TO USE IT; containine 

ncEiampfed rapi^Ij and accuacy. By CiuaLSs Holne, C^. With a 
.SlideK^ileintockofcover. ». Gd.t 

196. THEORY OF COMPOUND INTEREST AND ANNUL 
TIKS; wilh Tifalet ai LciEiirith» for tho mon UifScnlt CmncDCatidiii of 
tntDreit. DIscoBnt, Asouitloi, ke. Br EtDOH Thomah. u.t 

I99. THE COMPENDIOUS CALCULA TOR / or. Easy and Condse 
Mstbodi of PetfDTBiliic the niioui ArilliniFtlcal OpEcationi required In 
Coninirrciat and Builncu TriiBuctloni i tDEOthei: wiCb UBafiil TaUei. Br 

dothli™.!3i.6a^.trw_glrhalf-boniidiBl«lher. ^ " '" 

WOi. MATHEMATICAL TABLES.lat1t\«muTaitnc3l,&skioaotDical, 
■nd Nintical CilcnUtioni : to which ia prGGud a Trentise on Loe'^thma. 
By Hkhit L»w, C.E. T^Mbor with a Serioaof Tables for NsvifaEiDD 
otid Kantleal A.tronoDiT. By Prof. J. R, Yookb. Now Edition, ^i.t 
mi*. LOGARITHMS. With Malhematical Tables for Trigonometrical, 
AxtronoBioI, and Nautical CalcnlaCiDns, %lt'™>"I^<*,H.Inat.CJ:. New 

ail. MBASUREsT''li'EIGHVs"AND MONBYS^'oP ALL'NA'- 

TIONS, and as Aaalyiii of &» Christiaa, Hebnw, and Mahometan 

CaLondara. By W. S. B. Woolbousi, F.JLA.S.,F..S.S. Sbtth Edition. ».I 

.»I7. MATHEMATICS AS APPLIED TO THE CONSTRUC- 

TJVS ARTS. Illnitralicg tho variomprocosses of Mathematical Inrcili- 
ratioo, hy means oE Aiilhmptical and Simple Algebraical Eqnationi and 
Practical Eiaraplos, By Fkancis Cahpin, C.E, Second Edition. 3Rt ,, 



PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

I. CHEMISTRY, By Professor Georgk FowNEfi, F.R.S. Wilh 

I. ^ iWrAL^PHIIMSOPHY, Intro'duction to^lhrsiudy of. Bv 

C.TOHIIMWN. Wooacutf. 15.63. 

6. MECHANICS, Rudimentaiy Treatise on. By Chaklrs Tom- 

LISSQN. Illustrated, is.fid. 

7. ELECTRICITY; showing the General Principles of Eleclt[cil 

Science, and the puririiiieK to tvhjch it has been anplied. By Sir W. ^Notr 
Hakrw, F.K.S., Sc, "With Additions by R. S.aiKi, C.E., F.S.A. i>. 6d. 

7», GALVANISM. By Sir W. Sno\v Hahbis, New Edition Iw 
KoBEKT Sabinb, C.E., r.5.A. ... fid. 

8. MAGNETISM; ■beingac. 
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WEALE'S RUDIMEin*ARY SERIES. II 

Physical Science, Natural Philosophy, etc., continued. 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C.E., F.S.A. 3s. 

12. PNEUMATICS, for the Use of Beginners. By Charles 

ToMLiNSON. Illustrated, zs. 6d. 

72. MANUAL OF THE MOLLUSC A; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tatb, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 

96. ASTRONOMY. By the late Rev. Robert Main, M.A. Thurd 

Edition, by William Thynne Lynn, B.A., F.R.A.S. 2s. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracinf^ also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. zs. 6d. 

138. TELEGRAPH, Handbook of the; a Guide to [Candidates for 
Employment in the Telegraph Service. By R. Bond. Fourth Edition: 
Including Questions on Magnetism, Electricity, and Practical Telegraphy, 
by W. McGregor. i%.X 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tatb, A.L.S.,8tc. Woodcuts. 28. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's "Rudiments." By Ralph Tatb, A.L.S., &c. Woodcuti. 28. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's " Rudiments of 

Z74. Geology." By Ralph Tatb, A.L.S., F.G.S., 8tc. In One Volume. 4s. 6d.| 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

& , formerly Professor of Natural Philosophy and Astronomy in University 

181 College, Lend. With 520 Illustrations. In One Vol. 78. 6d., cloth boards. 

** •#• Sold also in Two Parts ^ as follows :— 

Z83. Animal Physics. By Dr. Lardner. Part I., Chapters I.— VII. 4s. 

Z84. Animal Physics. By Dr. Lardner. Part II., Chapters VIII.— XVIII. 38. 



FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting, Sec. By Georgb Pynb. 2s. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
GLASS. From the German of Dr. Gesskrt and Emanuel Otto From- 
berg. With an Appendix on Thb Art of Enamelling. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Examples. By Charles Child SI'Bncer. 2s. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles Child Spbncbr. is.6d. 
69-71. MUSIC ^ THE PIANOFORTE. In one vol. Half bound, 5s. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Colour, Water- Glass, Tempera, Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, 8tc. With Historical 
Sketches of the Progress of the Art by Thomas John G ^llicr, assisted by 
John Tibcbs, F.S.A. Fifth Edition, revised and enlarged. 5s.t 

186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By Georgb Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Elus A. 
Davidson. With two new Coloured Diagrams, &c. 38.4 

246. A DICTIONARY OF PAINTERS, AND HANDBOOK FQR 
PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lining and Restoring, Schools of Painting, &c. With Notes on the Copyists 
and Imitators of each Master. By Philippe Daryl. »*. €k<L\ 

Yhe t indicates that these vols, ma y be had strongly b <nmdat^^_^^^^;;^ 
/, stationers' hall COUlSCr, "LMUOKt:^ 15S\A-% ^^^^ 



Pi VSALE'S StnilUXITTAnT SERIES. ^^H 

INDUSTRIAL AND USEFUL ARTS. tB 

»t. BRICKS AND TILESy Rudimentarv Treatise on Ihe MamfilS^ 

lartol. Bj K. DoiisoH, M.R.I.BJ^. Illial«ied,j».t ' 

67. CLOCKS. WATCHES, AND BELLS, a Rudimcnlaty Treitise 

a. B7Si[KDHi'HDBtcKRr.LL.D.,Q.C. Scvcolb Edition.iHviKdsDdm- 

IwHd. n. 6d. Hmp; kx. 6d. dotb bairdi. 
Sj**. CONSTRUCTION OF DOOR LOCKS. Compiled from Ihe 

Pm*™ of A. C. HoBBs, and Kdiifd by CHABua Tomunsoh, V.KS. Wiih 

AdditioubrKoKIliTMAutT. M.I.C.E. lllui. u.ed. 
161. THE BRASS FOUNDER'S MANUAL: Instnictions for 

ModellioE. PiUsm-Maklng, Mouldioff, Taming, Filing, Bumiiliiiii, 

Bmniini. »c Witb copious keccipti. Be By Waltid Grabah. ».t 
»5. rwa -Jsr O/^ LETTER PAINTING MADE EASY. By 

J. G. llj>DI>iorB. IlluilriitedwitliHfon-pagBEnetairingiorKmnplM, «. 
IIS. r//£ G0LDSM2TJPS HANDBOOK, conUinioB full Instnic 

tioniforlbe AllovinjDnd WoiklnRafGold. By Gbdrci £ Gsi. »4 
■14. COACH BUILDING, A Praclical TVeatise, Historical and 

Duciiptim. By T.W.Bi.'«aES9. M.6d.I 
«S- THE SILVERSMITH'S HANDBOOK, containing liiU In- 

•liBcliDnifDtlheAIIoyiiiciBdWiirkiDeofSilvBr. By GBoacs E. Gee. is.t 
JJJ. PRACTICAL ORGAN BUILDING. By W. E. Dicks6n. 

M.A., PrecmilDr of Ely Catbodral. IlliKlratod. si. 6d.J 
J49. THE HALL-MARKING OF yEtVELLERY PRACTICALLY 

CONSIDERED. By Gbobgb E. Gbb. ]..t 

MISCELLANEOUS VOLUMES. 
16. A DICTIONARY OF TERMS usid in ARCHITECTURE. 
BUILDING. ENGINEERING, MINING. METALLURGY, ARCNjS- 
OLOGY.Iki FINE ARTS, frt. By John WBAti. Fiflb Edition. Reviud 
by RoBBBt Bunt. P.R.S. miutrilEa. S'-limpi 6t elotb board., 
(o. THE LA iV OF CONTRACTS FOR IVORKS AND SEE- 
yiCES. By Davio Gibhoks. Third Edition, enlareed. js.J 
111. MANUAL OF DOMESTIC MEDICINE. By R. Goodiwg. 
B.A., M.D. laUndri ai a Family Goide in all Cases of AccidcDt and 
EmcrgcncT. Tbiid Edition. a.t 
IH-. MANAGEMENT OF HEALTH. A Manual of Home and 
FenoTial HyKicne. By.lbs Rev. James Baird, B.A. is. 
150, LOGIC, Pure and Applied. By S. H. Emuens. is. 6cJ. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. Wilb Notes by S. H. Ehmeni. 11. 

154. GENERAL HINTS TO EMIGRANTS. NoUces of ihe varions 

Fields fur Emigration, Hints on Outfits, Usefd Rcxipn, &c. as. 
157. THS EMIGRANTS GUIDE TO NATAL. By Robert 
Jaxbs Manh, F.R.A.S., F.U.S. Seroad EdiHoo. Map. it. 

193. HANDBOOK OF FIELD FORTIFICATION, intended forthe 

Guidajico of Officers Preparine for Proniotion. By Jlainr W. W. 
Kdoiiia, F.R.G.S. Witb 161 Woodcati. jj.t. 

194. THE HOUSE MANAGER: Bebg a Guide lo Housekeeping. 
Piactieal Cooiery, PicHine and PreservinB, Household Work, Daiir 
Uanagcment, tha Table aBiT Dessert, CelUnge ofWin^a, Home-tieiriD; 
and WiBe-making, the Boudoir and Dresaing-room, Travelling, Sliblo 
EconoDiy, GBTdemog OperatiODS, &c. By Ah Old HousEKBEFFRr ji. 6d.t 

194. HOUSE BOOK {The). Comprising :— I. THE HonsE ManagbR. 

III. ByanOu) HousRKBBPBR. II. noiiEsiic MsmciNa. By Raipb Gdodiko, 

J, M.D. III. Manaoembnt of Hbalth. By Jaubi Baird. In One Vol., 

* itronaljiiaH-bDiind, Si. 
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EDUCATIOy AL AND CLASS ICAL SERIES. 

HISTORY. ' 

I. England, Outlines of the History of; more especially with 

seferaace to the Origin and Progress of the English Constitution. By 
William Douglas Hamilton, F.S.A.. of Her Majesty's Public Record 
0£Bce. 4th Edition, revised. 58. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvibn, M.A., off Ballioi 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvien, of Ballioi College, Oxford. Map, 28. 6d. ; cl. bds. 38.6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Conclusion of the Franco-German War, 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. zs. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By HvoB 
Clarkb, D.C.L. Fourth Edition, is. 6d. 
H*. Philology : Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hydb Clarke, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 48. 6d. ; complete with the Grammar, cloth bds., <s.6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
17th Edition, is. 6d. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Si)anish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. Rowbotham, F.R.A.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar- General and Professor at the 
Sorbonne. Translated from the French. 7th Edition, carefully corrected. 2s.6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall and Devon, is. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Georgb E. Wbbstbr. as. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 
Edited by the Rev. A. R. Grant, Rector of Hitchasi, and Honoraiy Canon of Ely; 

fomaerly H.M. Inspector of Schools. 

iNTJtODUCTORY PrIMBR, 3</. 



«. d. 
Fourth Standakb ; • • i 2 
Fifth „ • • • z 6 

Sixth „ • • . z 6 

Lbssons from thb Biblb. Part I. Old Testament, is. 

Lbssons from the Biblb. Part II. New Testament^ to which v» %5ArA^ 
Thb Gbooraphy of thb Biblb, for '^erj 'jowxic, Oi.-\ft:t«o.. "^ ^"^^ ^;^ 
Thornton Forstir. is. ad. * » Ox ^t^eT^oe^'s^^'va-^^'^^^:^^^ ^ 
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FRENCH. 
H- Ffeoch Grammar. Willi Complete and Concise Rnles on Ihe 

Gtmicn of Frmch SoaiiM. B) G. L. SiKArss, Ph.D. i>. 6d. 

sj. French- English Dicltonary. Comprising a laree nmnber of 
Nrti TmMnKd in Enile»rine, Mining. Sc. Bf AuBMO Btms. itM, 

«6. English- French Dictionary. By Alfsed Elwes. as. 
, 15,16. French Dictionary (as above). Coinplele, in One Vol., is.: 
r .._..i_.,, ._ ,1 ■ • "- irith tliB GiUHB .—-■.— ^- 
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GERMAN. 

39. Gennan Grammar, Adapted for English Stndenb, from 

H.r«i nipo.rlicai and Prartcal Gnumnar, bj Dt. G. L. SnAvtl. a. 6d. 

40. German Reader; A Series of Eitiicts.caieritny culled from die 

BUR aDBrocoI ADtbon of Gi^nnanvi with Nota, PhUoloraad ud Ei- 
planalocj. Hj G. L. SritADW, Pb.U. u. 

41-4.V German Triglot Dictionary. Bv N. E. S. A. Hamilton. 
la TliiFC Pull. Part I. Gennan- French -EnVl^- Pait II. Engllsb-Ger. 
man-Frmcb. PMt 111. Prencb- Gennan -Englisli. 31., or cinlh boards. 4t 

41-43 German Triglot Dictionary (asabOTc), logetherwiih Gennan 
tt if. aiunmar |Ne. jg), in Ono Volume, clalb boards, st 

ITALIAN. 
»7. Italian Grammar, atranged in Twenty Lessons, with a Course 

ofKicrcisra. IV Auaen Ei.anB. ji. 6d. 
»8. Italian Triglot Dictionary, wherein the Genders of aU the 

llaliao and French Nonn. are caccfully noled down. ByALFRBO Elwis. 

Vol. I. lUlian-Hnglilh-Frencb, ju.6J. 

30. Italian Triglot Dictionary. By A, Elwes. Vol. =. 

KnKl^ib-Frencb-ltaUan. it.ed. 
3!, Italian Triglot Dictionary. By Alfreu Klwe.?. Vol. 3, 



SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Fonn. 'Witli 

aCouneofEien:!]?!. Uy At.FKBD Elwis. ib. ed. 

35. Spanish- English and English- Spanish Dictionary. 



5;. Portuguese Grammar, 

WnbaCourseofEicrciioj. Ry..-.=.. ^....=^. .< 

56. Portuguese- English and English-Portuguese Dic- 



[^uit fuiOiifL 



HEBRE'W. 
46*. Hebre'w Grammar. By Dr. Buesslatj. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinical; 
CDfltaiainK the Hebrew and Cbaldee Roots of tbe Old TesluoEnt Pat- 
Rahhmical Writings. By nt.B>i.5siAU. 6s. 
46. Enelish and Hebre-vii D\cA,ionaT^. By Dr. BKESsiAn. 3*. 
44'46. Jdebrew Dictionarv ^as abQ'icV'™.'i-"°'^'i'^'>-'^'i«>';l«e. wilh 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, xs. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2S. 

22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. 
cloth boards, 4s. 6d. %• Or with the Grammar, cloth boards, 58. 6d. , 

LATIN CLASSICS. With Explanatory Notes in English, 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabnlaries and Explanatory Notes, by H. Youno. xs. 6d. 

2. Caesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use oi Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Bnco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Yodno. zs. 6d. 

5. Virgilii Maronis JEneis. With Notes, Critical and Exi>lanatory, 

by H.Young. New Edition, revised and improved With copious Addi- 
tional Notes by Rev. T. H. L. Lbary, D.C.L., lormerly Scholar ot Brasenose 
College, Oxford. 3s. 

5* i'art r. Books i.— vi., is. 6d, 

5**» Part 2. Books vii.— xii., as. 

6. Horace; Odes, Epode, and Carmen Sseculare. Notes by H. 

Young, is. 6cI. 

7. Horace; Satires, Epistles, and ArsPoetica. Notes by W. Brown* 

RiGG Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustli Crispi CataHna et Bellum Jugtirthinnm. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davies, M.A. is. 6d. 
10. Terentii AdeJphi, Hecyra, Phormio. Edited, with Notes, Critical 
and Explanatory, by the Rev. Jambs Davies, M Jl. 2s. 

ti. Terentii Eunuchus, Comcedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev 
Jambs Davibs, M.A. is. 6d. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. lormerly Scholar ot Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, Laelins, Brutns, sive de Senectute, de Ami- 

citia, de Claris Oratoribns Dialogi. With Notes by W. Brownrigo Smith, 
M.A., F.R.G.S. 2s. 

16. Livy 8 History of Rome. Notes by H. ifouNG and W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 

l6*. Part 2. Books iii., iv., v., is. 6d. ' 

17. Part 3. Books xxi., xxii., is. 6d, 

19. Latin Verse Selections, Irom Catullus, Tibnllus, Propertius, 

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge, ss. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Oumtilian, Elorus, Velleius Patercnins, Valerius Mazimm Sueto- 
nius, Apuleius, &c. Notes by W. B. Donne, M.A. as. 

21. Juvenalis Satirae. With Prolegomena aivd ^<j^m^ \s^'^*'' 

EscoTT, B.A., Lecturer om Logic aX &:\Tvt5;*C%Vk«t*,V«^«^-Ji^ 

/, stationers' HAI.1^ C0\31LT« lASWiWtm. lB»i*i 
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GREEK. 

14. Greek Grammar, in accordance wiih the Principles and PMIo 

15,17. Greek X.exicon. Cootainiiig all the Words in General Bse wi(]| 
-■■-■I Sipiificalioni, Infl«lioni, and Dcuhlful QuanliliM. Bv Humri R. 
_. Mii-TCJi. Vol.1. Giec-k.English,M.M.; Vol. .. EBKli!.h-G/eBk,«. Ol 
llie TwQ Vol.. in Ooc, <>.&!.; tloUi boaidi, ji. 
14,15. Creak Lexicon (as flbove). Complete, with the Gramius, in 
17. OnE Vol., cioih bcucdl, 6t. ' 

GREEK CLASSICS. Wilh Explanatoty Notes in English. 
I. Greok Delectus, Containing Extracts from Classical Authon, 
wilh G«e*lo(i<^ Vacatwlatiei ud Zxp\^n»toTj Notes, byH. Yovna. New 
Edllion.wilhui impTDVed aad ealArced tiuppleinentuy Vocabulan^i by Tdhh 
HotcunsOB, MJl., S the High Scl™l GliW ,s.M. "^- ^ ^ 

1,3. Xenophon's Anabasis; or. The Retreat of the Ten Thousand. 
Nglo End ■ Geogtaphicfll RpgistH, b» H. Youkq. Part 1. Booki i. tt ' ' 
». Fart 9. Koob iv. Co v>i.. i>. 
4. Ludan's Seleat Dialogues, Hie Text duefuUy revised, witt 
Giammaliciil sod Eiplanalaryl^olci, by H. YOUHO. IS. fid. 
<.ii. Homer, The Works of. AccracJing lo the Teit of Barduleih. 
With NoM, Crilical ud EiplaD^tory, drawn iron tha brsE and latul 
AutharitJM, wilb PrBUmmary Ohienatiiinii and Appendices, b> T. H. L. 
L»*liv, MJi., D.C.L. 
TBI Iuad; Parti. Bodki i. to vl., ii.6d. I Part j. BodIu lili. to iviii- ii. 6d, 
Puti. BcKikirii.taiii.,i>.ed. Pait4. Booki xii. to uin., 11. (id. 
TBI Onyun : Part i. Books i. to vi., ii, 6d Fart ]. Booki liii. to xviil., ii. «d. 
parts. BaDkivlt.lDiii.,ii.6d. Parti. Books lii. to uir., aid 
I Hymn., M. 

13. Plato's Dialogues i The Apology of Socrates, the Ciito, and I 

thcPhxdo. FromtlieTeitDfC. F. HsHHINX. Edited iritb Hates, Ciitictl ' 

aod Eiplanatoty, by ths Rsf. Jaubs Davih, M.A. h. I 

(4-17. Herodotus, The History of, chiefly after the Teit of Gaisford. 






iry OlaerTalioBS and Appendicoj, asd Notea, Criticiil a 
T. H. L. Lbahi, M.A., D.C.L. 

■aoii i., il. (The Clio and Euterpe), I 
Doki Hi., iv. [The Tbelia and Melpoi 



-.. .,. ,- .The UVania and Calliopel and iodai, I., 6J. 

18. Sophocles; (Edinus Tyrannus, Notei by H. Young, is. 
so. Sophocles 1 Antigone. From the Text of Dindokf. Notes, 

Critical asd Eiplanatory. by tha Rev. Jobh Mii,iiir, B.A. 11. 
*3. Euripides ; Hecuba and Medea. Chiefly from the Text of Dm- 

noar. With Notes, Critical and E.planalory, by W. Brownbico Skim, 



»6. Euripides: AlcBslis. Chieflj- from the Text of DiNiraaF. WiU 
Noics, Crilical and I! .placatory, by John Milnbk, B.A. la. 6d. 

30. jEschylus ! Promelheus Vinqtus : The Prometheus Bound, From 
the Teit of DiNPORF. Edited, with Engliib Notes, Critical and E^lanatoir. 
br tbe Rot. Jakes Davibs, MA. 11. 

«. jEschvlug: Septem Contra Thebes 1 The Seven against Thebes. 
From tbe Text of Dinddbf. Edited, with Englisli Notes, Critical asd Ex- ' 
planatory, by tbe Rev. Jamrs Davies, M.A. is. | 

40. Aristophanes: Acharaians. Chiefly from the Text of C. H. 

■Wbibb. -With Notes, by C.S.T.Towksh»™,MJ1. is.6d. ; 

41. Thucydldes ; History of tbe Pelopomiesian War, Notes by H. 1 

42. JXeoophon's Panegyric on Agesilaus. Notes »nd Indo- 

43- Demosthenes, the'oiafe.otm -.he Crown and the PhiUppia. , 
With English Not«. By».^.T.H..l..-L"r-,,-Q.<::.\..fe™eHySchol.rol I 
50 College, O^oid, ".64. 
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